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ON CALCIUM METABOLISM
Certain lines of enquiry in biological 
chemistry have already yielded results such that a 
coherent and plausible account can be given of the 
phenomena involved and their relationships, though 
doubtless in no case can the final story be told.
At the present time, however, our knowledge of calcium, 
metabolism is fragmentary - we are still far from 
being able to correlate the various experimental 
results and employ them in the weaving of a single 
harmonious hypothesis; the gaps are too great, and 
much of what passes for knowledge is uncertain. As 
a result of this almost chaotic array of contradictory 
statements deranged calcium metabolism has been
suggested as the etiological factor in the most 
diverse conditions, and this has in turn led to much 
misdirected and futile therapeutic endeavour. The 
object of this thesis is to put forward the results 
which have been obtained by the author in his 
investigations into several problems of calcium 
metabolism, to correlate these with the results 
obtained by previous workers, and to present a short 
critical review of the more important and suggestive 
papers on this subject as it is understood to-day.
T h a t/
That calcium plays an important part in almost 
all the bodily functions has long been an acknowledged 
fact, and amongst the older physicians it was strongly 
emphasised by Pare*y^ , in whose writings reference is 
made td a possible relationship between absence of 
calcium and the presence of malnutrition. The 
application of chemical methods of analysis to the 
study of calcium metabolism seems to have been first 
made by Schmidt' , but it was not until the advent of 
such methods of estimation as those of Lyman, McCruden, 
Howland and Kramer, de Waard, and especially of 
Kramer and Tisdall that much real progress became 
possible.
Doubtless, the relationships between calcium 
and the other inorganic substances present in living 
tissues are very complex, and the complexity is not 
diminished by the presence of organic ampholytes. 
Moreover, apart even from these obstacles to a clear 
understanding of the metabolism of calcium, there 
appear to be other less obvious factors to which at 
present we possess no clue. In this connection 
one may mention the apparently well established fact 
that calcium chloride, fed by the mouth, is absorbed
( 'Z )to a much greater extent than is calcium lactate.
This assertion rests on no isolated observation; it 
has been made time and again by reliable workers who 
have adduced what appears to be ample evidence. Yet 
in either case, one would imagine, the effect of the 
gastric/
- 3 -
gastric juice would be the production of free calcium 
ions in the presence of a large excess of chlorions.
In the intestine, where, presumably, absorption takes 
place to the greatest extent (if not exclusively), it 
is true that the reaction may be alkaline, but the 
anion present in greatest concentration is still the 
chlorion. Why, then, should calcium chloride be 
absorbed so much more easily than the lactate?
Calcium Requirements for Growth and Maintenance.
It has long been recognised in a general way
that the inorganic components of the diet play a role
that cannot be neglected; nevertheless, until quite
recently the mineral nutrients have largely been con-
sidered in toto only, their content being expressed as
the per cent, of'ash' yielded by a given food, ration,
tissue, or organ. A supply of calcium is obviously
indispensable to a growing and bone-producing, or
milk-producing animal, but it was not until 1918 that
(5)Osborne and Mendel demonstrated the growth-retarding 
influence of a diet adequate in every respect except 
as regards its calcium content, and the immediate 
recommencement of growth and improvement in nutrition 
on the same diet when the daily intake of calcium, was 
augmented by the addition of calcium salts, thus 
proving that a certain minimum allowance of calcium 
was necessary for growth and maintenance.
Sherman and his co-workers^6 * 1  ̂ studied fully
t h e /
the question of calcium maintenance allowance in 
human subjects receiving a calcium ration slightly 
less than the minimal requirement, and they found that 
the body was unable to adjust itself to a metabolism 
of less than 0.29-0.49 grams calcium per 70 kilos, per 
day. Prom these data, and from a study of the 
available figures in the literature which appeared to 
be reliable and to have been obtained by methods com- 
parable to his own, Sherman concludes that it seems 
probable that the average 0.45 grams calcium per 70 
kilos, per day does approximately represent the 
minimum maintenance requirement for normal human 
nutrition. He suggests, further, that an adequate 
supply should contain 1 gram calcium (1.4 gm. CaO) per 
100 grams protein, and, from a comparison of dietary 
studies and laboratory evidence of nutritive require­
ments, is of opinion that a considerable proportion'
of dietaries are deficient in quantity of calcium.
In the growing child the amount per kilo, body
(8 )weight is naturally greater, and Herbst states
that the normal child stores about 0.3 grams of cal­
cium per day. Even in a well balanced diet, of 
course, calcium must be present in amounts much 
greater than these to allow for the low efficiency of
absorption - 1.0 to 1.5 grams of calcium seems to be
(9)the average daily dietary requirement.
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T h e/
Calcium salts, whether soluble or insoluble, 
appear to be absorbed with considerable difficulty.
Even under the most favourable conditions, the greater 
part of the ingested calcium in lost in the faeces,
having apparently escaped absorption. Nevertheless,
■
a certain amount is assimilated.
Calcium is present in the diet both in organic 
combination - e.g. as calcium proteinate, soaps, etc. - 
and in inorganic combination as chloride, phosphate, 
bicarbonate, etc., and many efforts have been made to
determine the relative availability of these forms of
.
combination. There is a certain amount of evidence 
in support of the view that calcium as proteinate is 
more readily absorbed than certain of the simpler 
calcium salts. Thus Givens^10»1Jound that ingestion 
of milk was followed by a greater excretion of calcium 
in the urine than was ingestion of an equivalent amount
( Tp)of calcium lactate. Further, Sherman and Hawley '
(13)
sind also McClugage and Mendel showed that in
children vegetables were inferior to milk as a source
(14)of calcium, though Rose claims that in adults
carrots form as good a source of calcium as does milk.
Since, however, many factors other than 
chemical combination have been found to influence the 
absorption of calcium, we are on surer ground in com­
paring the absorption of different simple calcium 
salts than in comparing the availability of inorganic 
and/
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The A b s o r p t i o n  o f  C a l c i u m .
that calcium chloride appears to be absorbed with
much greater ease than calcium lactate, though even
(15)this salt undergoes some absorption. Mason and
( 3)Denis and Minot report that calcium lactate failed
to produce any increase in the calcium content of
(16)normal human serum; Kramer and Howland obtained
(1 7)similar results in rats, and Clank in rabbits.
Howland and Marriott 18 t too, found that calcium
chloride was more efficient than the lactate in the
relief of tetany.
That some absorption of the lactate does take
place, however, is shown by the rise in the serum
calcium when calcium lactate is fed to animals having
( 3 )a low initial value , and by the absence of active
tetany in parathyroidectomised dogs fed on a meat diet
( 19)with addition of calcium lactate . The greater 
ease with which calcium chloride is absorbed is shown 
by the increase in the serum calcium following its 
ingestion by normal animals.^ Similarly
Matz^ found that in normal and tuberculous subjects 
ingestion of inorganic calcium salts resulted in a rise 
in the serum calcium, the rise with calcium chloride 
being greater and more prolonged than with the lactate.
Experiments have been carried out by the author 
on adult human subjects to test the relative avail­
ability for absorption of calcium chloride and calcium 
lactate. These salts were given in solution, by the 
mouth/
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a n d  o r g a n i c  s a l t s .  I t  h a s  a l r e a d y  b e e n  m e n t i o n e d
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mouth and on an empty stomach, in doses containing 
equivalent amounts of calcium, and the absorption
judged by the subsequent serum calcium values. The 
results show that while the administration of calcium 
chloride was invariably followed by an increase in the 
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Hjort , on the other hand, claims that calcium, 
whether given as the chloride, lactate, or glycero­
phosphate, definitely increases the serum level pro­
vided it is administered in amounts greater than 
0.2727 grams of CaO per kilo, body weight, while with 
relatively insoluble calcium salts such as the carbon­
ate the results are inconstant . Steenbock, Hart,
(22)
Sell, and Jones go even further, for they found no
difference in the availability of calcium lactate,
carbonate, phosphate, silicate, or sulphate when these
were fed to young rats in liberal amounts. These
authors claim that solubility in hydrochloric acid is
an essential factor in determining the availability
of calcium salts, for the contents of the small
intestine remain acid for a considerable time, and
(23 24)often throughout its entire length * . This
idea, which explains the absorption of salts insoluble
in water or alkali receives some support from other
(25)workers. Thus Zucker and Matzner found that in
cases of active untreated rickets (in rats) the
faeces were alkaline, a condition unfavourable to
calcium absorption; after cod-liver oil administration
and simultaneously with clinical improvement, the
intestinal contents became acid. Moreover, it has 
( 26 )been shown ~ that in rickets the acid secreting
function of the stomach is impaired, but improves in
(27)convalescence, while Lamb and Evard have found
increased calcium retention in the pig following 





Berg^eim has found an interesting
relationship between calcium absorption and the sugar
content of the diet. The absorption of calcium is
appreciably increased when glucose, fructose, maltose
or starch is added to make fifty per cent, of the total
diet, and is pronouncedly increased by addition of
twenty-five per cent, of lactose. He attributes the
effect to an increased formation of lactic acid with
consequently an increased acidity of the intestinal
contents - a condition which appears to favour calcium
absorption. Lactose, however, did not prevent the
onset of rickets when added to a diet with a low
vitamin D content and a high Ca/P ratio.
The assimilation of calcium is affected by many
dietary factors. Very important is the balance of
the mineral constituents of the diet. While a large
excess of sodium chloride, or, in general of chiorion,
(29)appears to be a distinct aid to calcium absorption ,
(50,31) (32)an excess of potassium , magnesium , or phos-
phate, is definitely detrimental. So great is the
influence of these substances, especially in the
growing animal, that a diet in which the phosphate is
greatly in excess of the calcium, though both are far
above the actual requirements, leads, almost invari-
(37)ably, to deficient bone formation and rickets.
This influence of a large excess of phosphate .
is perhaps no more than would be expected when one 
considers the insolubility of calcium phosphate. That
potassium/
10-
potassium should have a similar effect is not so
(30)obvious, but has been explained by Seemann who 
states that the ingestion and absorption of excess 
potassium results in the excretion of the excess along 
with chlorine ions, that the resulting chlorine 
depletion brings about a deficient secretion of hydro­
chloric acid in the gastric juice, and that with this 
abnormally low concentration of chloride in the
digestive fluids, calcium cannot be properly absorbed. 
(31)Zander , in supporting this hypothesis, remarks
that whereas in the case of healthy infants the
mother's milk contains sodium and potassium in the
ratio of 2:1, in the case of rachitic children the
ratio may be 1:2. Excess of magnesium in the diet,
besides interfering with the absorption of calcium,
appears to prevent its proper utilisation, causing an
increased urinary excretion, an effect similar to that
(38)of potassium os* sodium.
Many workers have observed that the absorption
of calcium is greatly aided by the addition of fat to 
(34 39)the diet * It is difficult to picture the
mechanism of such a fat action - the existence of
which has been denied by o t h e r s ^ ^ *43  ̂ - and
indeed, it has been stated that calcium soaps are not 
(44 45)absorbed * , which would explain the observation of
G i v e n s t h a t  poor utilisation of fats may prevent
the storage of calcium even when the supply of that
element is abundant. One ’would imagine that the
presence of fatty acids in amounts greater than usual 
would/
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I would aid the formation of insoluble calcium soaps and 
so depress the absorption of calcium in much the same 
way as excess of phosphate is known to do. Moreover, 
such a relativelv simple - and soluble - salt of 
! calcium as the lactate is, as has already been 
mentioned, known to be absorbed with difficulty. These
.
considerations, supported by the observation that only
some fats, at any rate, were efficacious in improving
(4^ 41)calcium absorption * , naturally led to attention
being turned to the vitamin content of fat as a poss-
( 47)ible explanation. McCollum and his co-workers 
found, however, that cod-liver oil was equally effect­
ive whether administered fresh or after oxidation for 
twelve hours whereby its content of vitamin A had 
been entirely destroyed. Further, butter fat, though
rich in vitamin A, was one of those fats which did not
(41 43)greatly assist the absorption of calcium * . It was
(34)| also found by Husband, Godden and Richards that, 
except in extreme cases, olive oil aided calcium
| absorption to the same extent as did cod-liver oil,
.
and that linseed oil was equally effective. It was
obvious, therefore, that the effects were not due to 
asvitamin A, and they were apparently not due to the fat
itself, it was necessary to postulate an anti-rachitic
factor distinct from vitamin A. More recent work,
developing from the effect of ultra-violet radiation,
first of the animal itself, later of the whole diet,
and then of otherwise inactive fats, has given great
(48 49)support to this idea ' . It has led to the view
that/
that fat contains a special anti-rachitic factor - 
vitamin D - which is more resistant to oxidation than 
is vitamin A (and so was not destroyed in McCollom's 
experiments with cod-liver oil), is not necessarily 
present in large amount in fats rich in vitamin A (it 
is present in butter fat only in low concentration), 
and can be produced in otherwise inactive fats such as 
olive oil by exposure to ultra-violet light. Vitamin 
|D appears to be a derivative of some complex alcohol 
closelv related to cholesterol^50! In the work of 
Husband, Godden and Richards no mention is made of 
possible exposure of the now recognised inert oils 
used by them to ultra-violet light, and on this fact 
may rest the explanation of these authors' results 
which are directly opposed to those of most other 
workers.
The recent advances in our knowledge of the 
properties and sources of the anti-rachitic factor, 
vitamin D, throw much light on the whole question of 
calcium absorption. The presence, even in minute 
quantities, of this active substance in the dietary 
greatly aids the absorption of calcium, and con- 
versely, in its absence, calcium absorption does not 
proceed readily. Thus, several observers have noted 
the absence, from fresh green vegetables, of any 
substance endowed with antirachitic properties, and 
this fact will adequately explain the low calcium 




the other hand, milk, while containing a large amount
of calcium, is also rich in vitamin D, and hence calcium
absorption is increased when milk is fed. Furthermore, 
(52 53)Chick has shown that the vitamin D content of milk
varies according to whether the milk has been obtained 
from pasture fed (insolated) or stall-fed animals, 
the content being higher the more complete the in­
solation, so that samples of milk even although con­
taining equal amounts of calcium will vary in their 
effect on calcium absorption according to the con­
ditions to which the milking animal has been subjected.
(54)In the opinion of Bergheim it acts by increasing 
not the absorption but the retention of calcium, for 
he found that in rachitic animals calcium was absorbed 
from the small intestine only to be re-excreted into 
the large. He suggests that it may act by promoting 
the breakdown of organic phosphates, thus leading to 
the increased calcium deposition and lessened gut 
excretion.
( 51 )
r i c h  i n  c a l c i t u n ,  f o r m  t h e  b u l k  o f  t h e  d i e t  . On
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I t  i s  u s u a l l y  s u p p o s e d  t h a t  c a l c i u m  i s
e x c r e t e d  b o t h  b y  t h e  k i d n e y  a n d  t h r o u g h  t h e  e p i t h e l i u m
( 3 4 , 5 5 )
o f  t h e  l a r g e  i n t e s t i n e  , t h e  g r e a t e r  p a r t  g o i n g
b y  t h e  l a t t e r  r o u t e .  T h i s  v i e w  h a s  b e e n  s u p p o r t e d  b y
( 5 6 )  ( 5 7 )
Van N o o r d e n  a n d  b y  G r o s s e r  , w ho ,  a v o i d i n g
d i f f i c u l t i e s  o f  a b s o r p t i o n  b y  i n t r a v e n o u s  i n j e c t i o n  o f
c a l c i u m  s a l t s ,  d e m o n s t r a t e d  t h e  p r e s e n c e  o f  c a l c i u m  i n
( 5 5 )
t h e  b o w e l s .  C u sh n y  s t a t e s  t h a t ,  g e n e r a l l y  s p e a k ­
i n g ,  a n  i o n  w h i c h  f o r m s  a  s o l u b l e  s a l t  w i t h  c a l c i u m  
c a u s e s  t h e  a p p e a r a n c e  o f  t h a t  e l e m e n t  i n  t h e  u r i n e ,  
w h i l e  a n  i n s o l u b l e  c o m b i n a t i o n  t e n d s  t o  a p p e a r  i n  t h e  
f a e c e s ,  a n d  t h a t  t h e  i n c r e a s e d  f a e c a l  and  d e c r e a s e d  
u r i n a r y  e x c r e t i o n  o f  c a l c i u m  c a u s e d  b y  e x c e s s  o f  
p h o s p h a t e  i n  t h e  d i e t  i s  n o t  w h o l l y  d u e  t o  d e c r e a s e d  
c a l c i u m  a b s o r p t i o n .
( 5 8 )
T e l f e r  h a s  r e c e n t l y  p u b l i s h e d  an  a c c o u n t  o f  
c a l c i u m  b a l a n c e  e x p e r i m e n t s  o n  i n f a n t s ,  a n d  c o n c l u d e s  
f r o m  h i s  v e r y  s u g g e s t i v e  r e s u l t s  t h a t  t h e  k i d n e y  p r o ­
v i d e s  t h e  s o l e  e x c r e t o r y  r o u t e  f o r  c a l c i u m ,  s t a t i n g  
f u r t h e r  t h a t  h e  c a n  f i n d  no  e v i d e n c e  f o r  e x c r e t i o n  
i n t o  t h e  g u t .  The  m e t h o d  o f  i n v e s t i g a t i n g  s u c h  a  
p r o b l e m  b y  m e a n s  o f  b a l a n c e  e x p e r i m e n t s ,  w h e r e  
c o m p a r a t i v e l y /
The Excretion of Calcium.
c o m p a r a t i v e l y  l a r g e  q u a n t i t i e s  o f  c a l c i u m  a r e  i n g e s t e d  
a n d  o n l y  a  v e r y  s m a l l  a m o u n t  i s  a c t u a l l y  a b s o r b e d ,  i s  
h i g h l y  u n s a t i s f a c t o r y ,  a n d  t h e  e x p e r i m e n t a l  e r r o r  w h i c h  
i s  p o s s i b l e  e v e n  w i t h  t h e  m o s t  c a r e f u l  a n a l y s i s  i s  
n e c e s s a r i l y  s o  g r e a t  a s  t o  r e n d e r  t h e  r e s u l t s  o b t a i n e d  
h i g h l y  u n t r u s t w o r t h y .
I n  o r d e r  t o  o b t a i n  d i r e c t  e v i d e n c e  a s  t o  
w h e t h e r  t h e  e p i t h e l i u m  o f  t h e  l a r g e  i n t e s t i n e  
f u r n i s h e d  a  m e a n s  o f  e x c r e t i o n  f o r  c a l c i u m ,  t h e  a u t h o r  
c a r r i e d  o u t  t h e  f o l l o w i n g  e x p e r i m e n t s  o n  i s o l a t e d  l o o p s  
o f  c o l o n ,  t h u s  a v o i d i n g  d i f f i c u l t i e s  i n  t h e  i n t e r ­
p r e t a t i o n  o f  t h e  r e s u l t s . d u e  t o  t h e  p o s s i b l e  p r e s e n c e  
o f  u n a b s o r b e d  i n g e s t e d  c a l c i u m .
The c a t  w as  t h e  e x p e r i m e n t a l  a n i m a l  e m p l o y e d ,  
a n d  t h e  f o l l o w i n g  t e c h n i q u e  was  a d o p t e d .
The  c a t  w as  a n a e s t h e t i s e d  b y  p a r a l d e h y d e  a n d  
e t h e r ,  a n d  p l a c e d  on  a r t i f i c i a l  r e s p i r a t i o n  t h r o u g h o u t  
t h e  e x p e r i m e n t a l  p e r i o d .  C a n n u l a e  w e r e  i n s e r t e d  i n t o  
t h e  c a r o t i d  a r t e r y  a n d  t h e  e x t e r n a l  j u g u l a r  v e i n .  The 
abdom en h a v i n g  b e e n  o p e n e d ,  t h e  s m a l l  i n t e s t i n e  was  c u t  
a c r o s s  b e t w e e n  t w o  l i g a t u r e s  c l o s e  t o  t h e  i l e o - c a e c a l  
v a l v e .  The l a r g e  i n t e s t i n e  was b r o u g h t  o u t  a n d  t h e  
p e l v i c  c o l o n  c u t  a c r o s s  a t  i t s  j u n c t i o n  w i t h  t h e  
r e c t u m ,  a l l  b l e e d i n g  p o i n t s  b e i n g  l i g a t e d .  A l a r g e  
t  b o r e  c a n n u l a  w as  i n s e r t e d  i n t o  t h e  t i p  o f  t h e  c a e c u m .  
The i s o l a t e d  l o o p  o f  l a r g e  i n t e s t i n e  w as  t h o r o u g h l y  
w a s h e d  o u t  w i t h  warm d i s t i l l e d  w a t e r  t h r o u g h  t h e  
c a n n u l a ,  t h e  r e m o v a l  o f  s o l i d  a n d  s e m i - s o l i d  m a t e r i a l  
and  m u co u s  b e i n g  a i d e d  b y  g e n t l y  s q u e e z i n g  t h e  b o w e l
w i t h /
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w i t h  t h e  f i n g e r s .  W a s h i n g  was  c o n t i n u e d  u n t i l  a  
c l e a r  s a m p l e  was  o b t a i n e d ,  a n d  t h i s  was  r e s e r v e d  f o r  
a n a l y s i s .  A f t e r  e v e r y  w a s h i n g  a  f i n a l  c l e a r  s a m p l e  
was  c o l l e c t e d  s e p a r a t e l y  an d  a n a l y s e d .  O n ly  t h o s e  
e x p e r i m e n t s  w e r e  c o n s i d e r e d  i n  w h i c h  t h i s  s a m p l e  c o n -
t a i n e d  m e r e l y  t r a c e s  o f  c a l c i u m  a n d  s o  i n d i c a t e d  t h a t
'
t h e  w a s h i n g  h a d  b e e n  c o m p l e t e .
A f t e r  t h i s  p r e l i m i n a r y  w a s h i n g  t h e  i s o l a t e d  
l o o p  o f  i n t e s t i n e  was  r e p l a c e d  w i t h i n  t h e  a b d o m e n ,  
w i t h  t h e  tw o  e n d s  s l i g h t l y  p r o t r u d i n g ,  s o  t h a t  a n y  
c o n t e n t s  w o u l d  n o t  e s c a p e .  The w a s h i n g  was  r e p e a t e d  
a f t e r  t h r e e  a n d  a f t e r  s i x  h o u r s .  I n  a  n u m b e r  o f  
e x p e r i m e n t s  a  c a n n u l a  w as  i n s e r t e d  i n t o  t h e  b l a d d e r  
and  s a m p l e s  o f  u r i n e  c o l l e c t e d  ( w i t h  w a s h i n g )  a t  t h e  
same t i m e  a s  t h e  i n t e s t i n e  was  i r r i g a t e d .  T a b l e  I ,  
g i v i n g  t h e  r e s u l t s  o f  e x p e r i m e n t s  o f  t h i s  t y p e ,  shows  
t h a t  c a l c i u m  w as  e x c r e t e d  i n t o  t h e  g u t  a n d  t h a t  t h i s  
e x c r e t i o n  o c c u r r e d  a t  a  f a i r l y  c o n s t a n t  r a t e .  F u r t h e r ,  
i t  w as  u s u a l l y  g r e a t e r  t h a n  t h e  u r i n a r y  e x c r e t i o n  f o r  
t h e  same p e r i o d .
Table I /
■
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T a b l e  I .
The e x c r e t i o n  o f  c a l c i u m  b y  t h e  l a r g e  i n t e s t i n e  a n d  
b y  t h e  k i d n e y  i n  t h e  c a t .
E x p t . Wt.  o f  
c a t  
i n  gm s.
Mg. Ca 
i n  i n ­
t e s t i n ­
a l
w a s h ­
i n g s .
Mg. Ca 
i n
u r i n e .
Mg. Ca p e r  1 0 0  c . c .  s e r u m .
At  s t a r t  
o f  
E x p t .
10  m i n s  
a f t e r  
i n j e c t ­
i o n .
At  c l o s e  
o f  
E x p t .
1 2 9 0 0 1 s t  3  h r s .  




0 . 1 4
- -
2 2 5 4 0 1 s t  3 h r s .  
2 n d  3 h r s .
0.88
0 . 9 0
0 . 1 7
0 . 1 9
- -
-
3 3 0 1 0 1 s t  3 h r s . 0 . 3 3 0.22 10 .2 22.0 1 5 . 0
5 c . c . l 0 $  
C aC l2 i n j .  
i n t r a v e n ­
o u s l y
- - - - -
2 n d  3  h r s . 4 . 2 7 0.16 - - -
4 2 7 0 0 1 s t  3 h r s . 0.68 0 . 1 6 - - -
5 c . c . 1 0 ^  
CaCl2 i n j .  
i n t r a v e n ­
o u s l y
- - - - -
2 n d  3 h r s . 1 4 . 0 0 . 1 5 - - -
5 2 8 9 0 1 s t  3 h r s . 0 . 3 0 0 .21 9 . 0 21.0 10.0
5 c . c , 1 0 $  
C aC l2 i n j .  
i n t r a v e n ­
o u s l y
- - - - -
2nd  3 h r s . 9 . 6 0 0 . 2 3 - —
I t /
I t  r e m a i n e d  p o s s i b l e  t h a t  t h e  c a l c i u m  f o u n d  i n  
t h e  l a r g e  i n t e s t i n e  d i d  n o t  c o n s t i t u t e  a  t r u e  e x c r e t i o n ,  
b u t  h a d  m e r e l y  b e e n  s e c r e t e d  a l o n g  w i t h  t h e  m u c o u s .  To 
t e s t  t h i s  p o i n t ,  I  a l l o w e d  a  p r e l i m i n a r y  c o n t r o l  
p e r i o d  o f  t h r e e  h o u r s ,  t h e n  i n j e c t e d  c a l c i u m  s a l t s  
i n t r a v e n o u s l y ,  a n d  a g a i n  w a s h e d  o u t  t h e  g u t  a f t e r  a  
f u r t h e r  t h r e e  h o u r s .  A f t e r  t h e  i n j e c t i o n  o f  c a l c i u m  
s a l t  t h e  e x c r e t i o n  o f  c a l c i u m  i n t o  t h e  i n t e s t i n e  was  
e n o r m o u s l y  i n c r e a s e d  a l t h o u g h  t h e r e  was n o  c o r r e s p o n d ­
i n g  i n c r e a s e  i n  t h e  m u c o u s  s e c r e t i o n .  The u r i n e  d i d  
n o t  show an y  c o m p a r a b l e  i n c r e a s e  i n  c a l c i u m  c o n t e n t  
( T a b l e  I ) .  I t  s e e m s ,  t h e n ,  t h a t  n o t  o n l y  i s  c a l c i u m  
e x c r e t e d  b y  way  o f  t h e  l a r g e  i n t e s t i n e ,  b u t  t h a t  t h i s  
i s  t h e  m a i n  e x c r e t o r y  r o u t e .
N e l s o n  a n d  G i v e n s ^ 1 0  ̂ f o u n d  t h a t  a b o u t  0 . 4 1 - 0 . 4 9
g r a m s  c a l c i u m  w e r e  e x c r e t e d  i n  t h e  u r i n e  b y  a d u l t  human
■ •
s u b j e c t s  o f  b o t h  s e x e s ,  o n  a n  a v e r a g e  d i e t ,  w h i l e
( 7  )
S h e rm a n  f o u n d  0 . 0 7 - 0 . 1 5  g r a m s  c a l c i u m  t o  b e  
e x c r e t e d  d a i l y  i n  t h e  - u r i n e  b y  s u b j e c t s  r e c e i v i n g  a  
m i n i m a l  c a l c i u m  a l l o w a n c e .
As m i g h t  b e  e x p e c t e d  t h o s e  s u b s t a n c e s  w h i c h  
i n f l u e n c e  t h e  a b s o r p t i o n  o f  c a l c i u m  a l s o  d i r e c t l y  
m o d i f y  t h e  am o u n t  e x c r e t e d  i n  t h e  u r i n e ,  s i n c e  a  
c o m p a r i s o n  o f  t h e  f i g u r e s  g i v e n  b y  S h e rm a n  a n d  b y  
N e l s o n  a n d  G i v e n s  i n d i c a t e s  t h a t  t h e  u r i n a r y  c a l c i u m  
i s  t o  some e x t e n t  d e p e n d e n t  o n  t h e  a m o u n t  o f  c a l c i u m  




V e r y  w i d e  v a r i a t i o n s  a r e  f o u n d  i n  t h e  f i g u r e s  
g i v e n  i n  t h e  l i t e r a t u r e  f o r  t h e  c a l c i u m  c o n t e n t  o f  
w h o l e  b l o o d ,  s e r u m ,  p l a s m a ,  a n d  c o r p u s c l e s .  To no  
s m a l l  e x t e n t  t h i s  i s  d u e  t o  t h e  d i f f e r e n t  m e t h o d s  
w h i c h  h a v e  b e e n  u s e d  f o r  i t s  e s t i m a t i o n .  Pew o f  t h e  
o l d e r  m e t h o d s  w e r e  t r u s t w o r t h y ,  a n d  some e v e n  o f  t h e  
m ore  r e c e n t  o n e s  m u s t  b e  r e g a r d e d  w i t h  some s u s p i c i o n .
The  m e t h o d s  a v a i l a b l e  f o r  t h e  e s t i m a t i o n  o f  
c a l c i u m  i n  b l o o d  a r e  o f  a l l  t y p e s ,  c o l o r i m e t r i c ,  
n e p h e l o m e t r i c ,  g r a v i m e t r i c ,  v o l u m e t r i c ,  a n d  e v e n ,  
i n  o n e  c a s e ,  t h e  s i m p l e  c o u n t i n g  o f  p a r t i c l e s  o f  p r e ­
c i p i t a t e d  c a l c i u m  o x a l a t e .  I n  t h e  e x p e r i e n c e  o f  t h e
( 6 0 )
a u t h o r ,  t h e  m e t h o d  o f  K r a m e r  a n d  T i s d a l l  h a s
h i t h e r t o  p r o v e d  t h e  m o s t  r e l i a b l e ,  a n d  t o  b e  c a p a b l e
.
o f  y i e l d i n g  r e s u l t s  w i t h  a  maximum e r r o r  o f  f i v e  p e r  
c e n t ,  a n d  a n  a v e r a g e  e r r o r  o f  o n l y  t w o  p e r  c e n t .  As 
a p p l i e d  t o  b l o o d  s e r u m ,  t h e  m e t h o d  c o n s i s t s  i n  p r e ­
c i p i t a t i n g  t h e  c a l c i u m  d i r e c t l y  f r o m  1 -2  c . c .  o f  s e r u m  
b y  m e a n s  o f  ammonium o x a l a t e ,  c o l l e c t i n g  a n d  w a s h i n g  
t h e  p r e c i p i t a t e  b y  c e n t r i f u g i n g ,  a n d  f i n a l l y  t i t r a t i n g ,
i n  p r e s e n c e  o f  s u l p h u r i c  a c i d ,  w i t h  p o t a s s i u m  p e r m a n -
'
g a n a t e .  The  r e c e n t l y  p u b l i s h e d  m e t h o d  o f  T r e v a n  a n d  
( 6 1 )
; B a i n b r i d g e  a p p e a r s  t o  y i e l d  r e s u l t s  w h i c h  a r e  a t  
l e a s t  e q u a l l y  s a t i s f a c t o r y .  I n  t h i s  m e t h o d ,  t h e  
c a l c i u m  o x a l a t e ,  p r e c i p i t a t e d  a s  d e s c r i b e d  b y  K r a m e r  
and  T i s d a l l ,  i s  c o n v e r t e d  t o  t h e  c a r b o n a t e  b y  h e a t i n g ,
The Calcium Content of Blood.
the /
20-
t h e  c a l c i u m  c a r b o n a t e  i s  d i s s o l v e d  i n  s t a n d a r d  a c i d ,
an d  t h e  e x c e s s  a c i d  t i t r a t e d  w i t h  a l k a l i  b y  m e an s  o f  a
*
m i c r o m e t e r  b u r e t t e .
/ g g  )
M a r r i o t t  a n d  H o w la n d  , w h i l e  a d v o c a t i n g  t h a t
f o r  p u r p o s e s  o f  c o m p a r i s o n ,  e s t i m a t i o n s  s h o u l d  b e
c a r r i e d  o u t  o n  s e r u m  r a t h e r  t h a n  on  w h o l e  b l o o d ,  h a v e
s t a t e d  t h a t  t h e r e  i s  p r a c t i c a l l y  no  c a l c i u m  p r e s e n t  i n
t h e  c o r p u s c l e s ,  a n d  t h e y  b a s e  t h i s  s t a t e m e n t  on  t h e i r
f i n d i n g  t h a t  w h o l e  b l o o d  c o n t a i n s  a p p r o x i m a t e l y  h a l f
a s  much c a l c i u m  a s  d o e s  s e r u m .
{63)
K r a m e r  a n d  T i s d a l l  , u s i n g  t h e i r  own m e t h o d  
o f  a n a l y s i s ,  e x a m i n e d  t h e  c a l c i u m  c o n t e n t  o f  w h o l e  
b l o o d  a n d  a l s o  o f  s e r u m  i n  t h e  same s a m p l e s ,  a l o n g  
w i t h  h e m a t o c r i t  r e a d i n g s .  F rom  t h e s e  d a t a  t h e y  c o n -
(6| e l u d e  t h a t  t h e  c o r p u s c l e s  c o n t a i n  n o  c a l c i u m .  F a l t a
a n d  R i c h t e r  Q u i t t n e r ^ f a i l e d  t o  f i n d  c a l c i u m  e i t h e r
i n  human c o r p u s c l e s  o r  i n  t h o s e  o f  a n i m a l s .
C o n t e m p o r a r y  a n d  s u b s e q u e n t  w o r k e r s ,  h o w e v e r ,
(66 )
I c h a l l e n g e  t h e s e  s t a t e m e n t s ,  a n d  Cow ie  a n d  C a l h o u n  f
, ( 6 7 )  ( 68)J o n e s  an d  Nye , a n d  S t a n f o r d  a n d  W h e a t l e y  h a v e
a c t u a l l y  e s t i m a t e d  t h e  am oun t  o f  c a l c i u m  p r e s e n t  i n  t h e  
c o r p u s c l e s .  The f i g u r e s  r e c o r d e d  b y  t h e s e  a u t h o r s  
r a n g e  f r o m  1 . 4  t o  8 . 7  m g s .  c a l c i u m  p e r  1 0 0  c . c .  
c o r p u s c l e s .  A l t h o u g h  t h e  a v a i l a b l e  e v i d e n c e  r e g a r d i n g  
t h e  m e r e  p r e s e n c e  o r  a b s e n c e  o f  c a l c i u m  i n  t h e  
c o r p u s c l e s  i s  s o  c o n f l i c t i n g ,  i t  s e e m s  u n r e a s o n a b l e  t o  
s u p p o s e  t h a t  t h e  c o r p u s c l e s  a r e  e n t i r e l y  d e v o i d  o f  
c a l c i u m /
-21 —
c a l c i u m ,  s i n c e  t h e y  a r e  b a t h e d  b y  a  c a l c i u m - c o n t a i n i n g
m ed iu m .  M os t  o f  t h e  n e g a t i v e  e v i d e n c e  h a s  b e e n
o b t a i n e d  b y  i n d i r e c t  m e t h o d s ,  a n d  w i t h o u t  an y
a p p r e c i a t i o n  o f  t h e  m o d i f i c a t i o n s  p r o d u c e d  i n  t h e
c a l c i u m  c o n t e n t  o f  t h e  f l u i d  p o r t i o n  o f  t h e  b l o o d  b y
t h e  p r o c e s s e s  o f  c i t r a t i o n  a n d  c o a g u l a t i o n .
N o r m a l  f i g u r e s  f o r  w h o l e  b l o o d  a r e  g i v e n  b y  
T ( 6 9 )
Lyman a s  6 .1  m g s .  p e r  1 0 0  c . c .  f o r  m a l e s  a n d  7 . 1
m g s .  f o r  f e m a l e s ;  b y  K ra m e r  a n d  T i s d a l l   ̂ a s  5.3
C71) ( 7 2 )
t o  6 . 8 ; b y  A l p o r t  a s  5 . 8 ;  b y  J o n e s  a s  8 . 8 ; a n d
(67  )by Jones and Nye as 9. 4 (children).
( 7 3 )
G r e e n w a l d  , u s i n g  h e p a r i n  a s  a n  a n t i c o a g u l ­
a n t ,  f o u n d  t h e  c a l c i u m  c o n t e n t  o f  t h e  p l a s m a  t o  b e
i d e n t i c a l  w i t h  t h a t  o f  t h e  s e r u m ,  a n d  K r a m e r  a n d  
(6 3 )
T i s d a l l  s t a t e  t h a t  t h i s  i s  t r u e  a l s o  f o r  c i t r a t e d
p l a s m a .
S e v e r a l  e x p e r i m e n t s  h a v e  b e e n  c a r r i e d  o u t  b y  
t h e  a u t h o r  i n  o r d e r  t o  a s c e r t a i n  i f  t h e  r e c o r d e d  
s t a t e m e n t s  o f  o t h e r  o b s e r v e r s  c o n c e r n i n g  t h e  c a l c i u m ,  
c o n t e n t  o f  p l a s m a ,  c i t r a t e d  p l a s m a ,  a n d  s e r u m ,  
r e s p e c t i v e l y ,  a r e  t o  b e  r e l i e d  u p o n .
P l a s m a  was o b t a i n e d  i n  t h e  f o l l o w i n g  m a n n e r :  
B l o o d  w as  w i t h d r a w n  f r o m  a  c a t ’ s c a r o t i d  i n t o  a  
p a r a f f i n e d  s y r i n g e ,  a n d  a  s a m p l e  c o l l e c t e d  u n d e r  
p a r a f f i n  i n  a  c e n t r i f u g e  t u b e  w h i c h  h a d  p r e v i o u s l y  
b e e n  p l a c e d  i n  a n  i c e  m i x t u r e  a n d  t h o r o u g h l y  c o o l e d .
A s e c o n d  s a m p l e  w as  a l l o w e d  t o  c l o t ,  a n d  t o  a  t h i r d  
was a d d e d  s o d i u m  c i t r a t e .  The f i r s t  s a m p l e  was  
immedi a t e l y /
..
m e a s u r e d  q u a n t i t y  o f  t h e  s u p e r n a t a n t  s e r u m  w as  q u i c k l y
w i t h d r a w n  f o r  c a l c i u m  a n a l y s i s .  By t h i s  m e th o d
u n c l o t t e d  a n d  u n a d u l t e r a t e d  p l a s m a  w as  o b t a i n e d  w i t h
*
c o m p a r a t i v e  e a s e .  The c a l c i u m  c o n t e n t  o f  t h e  s e r u m  
a n d  c i t r a t e d  p l a s m a  o f  t h e  same s a m p l e  w e r e  a l s o  
e s t i m a t e d .
The  r e s u l t s  o b t a i n e d  w e r e  a s  f o l l o w s : -
-22 -
immediately centrifuged for three minutes, and then a
Mgs. c a l c i u m  p e r  1 0 0  c . c .
T r u e  p l a s m a P l a s m a  f r o m  
c i t r a t e d  b l o o d
S e ru m
1 2 . 1 10.0 10.0
1 1 .6 1 0 . 4 1 0 . 3
1 1 . 1 1 0 . 0 5 10.0
1 2 . 1 5 9 . 5 10 .10
1 1 . 0 5 9 . 1 5 9 . 0
1 2 . 7 1 1 . 5 0 1 1 . 3 0
I t  w i l l  b e  s e e n  f r o m  t h e s e  f i g u r e s  t h a t  t h e  
c a l c i u m  c o n t e n t  o f  t h e  s e r u m  i s  c o n s i d e r a b l y  l o w e r  
t h a n  t h a t  o f  t h e  p l a s m a ,  t o  t h e  e x t e n t  o f  a b o u t  10^ ,  
an d  t h a t  t h e  p l a s m a  u n d e r g o e s  a r e d u c t i o n  i n  i t s  c a l c i u m  
c o n t e n t  o f  a  s i m i l a r  o r d e r  t o  t h a t  o f  s e r u m ,  a s  a 
r e s u l t  o f  c i t r a t i o n .
The n a t u r e  o f  t h e  a c t i o n  o f  c i t r a t e  on t h e  
¡plasma c a l c i u m  w a s  f u r t h e r  i n v e s t i g a t e d .  P l a s m a  w a s  
o b t a i n e d  i n  t h e  m a n n e r  d e s c r i b e d .  A s a m p l e  w a s  
a n a l y s e d /
-23-
a n a l y s e d  f o r  c a l c i u m  u n c h a n g e d  a n d  t h e  r e m a i n d e r  w as  
t r e a t e d  w i t h  s o d i u m  c i t r a t e .  A s a m p l e  o f  t h i s  
c i t r a t e d  p l a s m a  w a s  s h a k e n  u p  a n d  t h e  c a l c i u m  c o n t e n t  
e s t i m a t e d ;  t h e  r e m a i n d e r  w as  c e n t r i f u g e d  f o r  f i v e  
m i n u t e s  a t  h i g h  s p e e d ,  a n d  t h e  u p p e r  l a y e r  o f  f l u i d  
a n a l y s e d .  The c a l c i u m  c o n t e n t  o f  t h e  s e r u m  w a s  a l s o  
e s t i m a t e d .
The r e s u l t s  o b t a i n e d  w e r e  a s  f o l l o w s : -
E x p t . T r u e  p l a s m a C i t r a t e d
p l a s m a
C i t r a t e d  & 
c e n t r i ­
f u g e d  p l a s m a
S e ru m
1 1 1 . 8 1 1 . 8 1 0 . 6
_ '
1 0 . 4
2 1 2 . 1 0 1 2 . 0 1 0 . 8 1 0 . 3
•
3 1 1 . 7 0 1 1 . 6 0 1 0 . 7 1 0 . 5
4 1 1 . 8 0 - 1 0 . 2 0 1 0 . 2
5 9 . 9 5 1 0 . 0 5 8 . 8 8 . 8
6 v 1 0 . 0 1 0 . 0 9 . 1
Fro m  t h e s e  r e s u l t s  i t  w o u l d  a p p e a r  t h a t  t h e  
a d d i t i o n  o f  s o d i u m  c i t r a t e  t o  p l a s m a  r e s u l t s  i n  a 
p r e c i p i t a t i o n  o f  a  c e r t a i n  p r o p o r t i o n  o f  t h e  c a l c i u m  
p r e s e n t  i n  t h e  p l a s m a .  W i t h  t h e  a m o u n t s  u s u a l l y  
a d d e d  t o  p r e v e n t  c o a g u l a t i o n  t h i s  r e d u c t i o n  i s  s m a l l ,  
jso t h a t  t h e  c a l c i u m  c o n t e n t  o f  t h e  c i t r a t e d  p l a s m a  
i s  v e r y  n e a r  t o  t h a t  o f  t h e  s e r u m ,  b u t  s i n c e  i n  one  
i n s t a n c e  i n  t h e  p r e v i o u s  t a b l e  t h e  c a l c i u m  c o n t e n t  
o f  t h e  c i t r a t e d  p l a s m a  w a s  d e c i d e d l y  l o w e r  t h a n  t h a t  
o f  t h e  s e r u m ,  t h e  a m o u n t  o f  p r e c i p i t a t i o n  w o u l d  s ee m  
t o /
d e p e n d  o n  t h e  a m o u n t  o f  c i t r a t e  a d d e d .  T h i s  
r e d u c t i o n  i n  t h e  c a l c i u m  c o n t e n t  o f  t h e  p l a s m a  i s  o f  
c o u r s e  i n s u f f i c i e n t  t o  a c c o u n t  f o r  t h e  i n h i b i t i n g
i n f l u e n c e  o f  c i t r a t e s  o n  t h e  p r o c e s s  o f  c o a g u l a t i o n  o f
.
b l o o d .
I t  i s  now g e n e r a l l y  r e c o g n i s e d  t h a t  on  a c c o u n t ,  
i n t e r  a l i a , o f  t h e  v a r i a b i l i t y  o f  t h e  c o r p u s c l e  v o l ­
um e ,  f i g u r e s  o b t a i n e d  f r o m  a n  analysis  o f  w h o l e  b l o o d  
a r e  o f  l i t t l e  v a l u e  f o r  p u r p o s e s  o f  c o m p a r i s o n ,  an d  
t h a t  t h e  e s t i m a t i o n  o f  t h e  s e r u m  c a l c i u m  a f f o r d s  t h e  
m o s t  a c c u r a t e  d a t a .  I t  i s  n o t  p r o p o s e d  t o  d e a l  w i t h  
t h e  w i d e l y  d i v e r g i n g  f i g u r e s  f o u n d  f o r  t h e  serum, 
c a l c i u m  b e f o r e  t h e  i n t r o d u c t i o n  o f  s a t i s f a c t o r y  
m e t h o d s  o f  a n a l y s i s .
K r a m e r  a n d  T i s d a l l ^ 0  ̂ r e c o r d  t e n  n o r m a l  human 
s e r a  c o n t a i n i n g  9 . 5 - 1 0 . 5  m g s .  c a l c i u m  p e r  1 0 0  c . c .
w i t h  s i x  b e t w e e n  9 . 5  a n d  1 0 . 0  m g s . ;  K r a m e r  a n d
( 7 4 )
H ow land  f o u n d  s e v e n  n o r m a l s  w i t h i n  a  r a n g e  o f
( 7 5 )9 . 3 - 9 . 9 ,  w h i l e  W a t c h o r n  g i v e s  a  h i g h e r  f i g u r e  f o r  
t h e  n o r m a l ,  b u t  h e r e  t o o ,  t h e  r a n g e  1 0 . 0 - 1 0 . 8 ,  i s  
s m a l l .
The  a u t h o r  h a s  o b t a i n e d  t h e  n o r m a l  v a l u e  f o r  
t h e  s e r u m  c a l c i u m  i n  t e n  n o r m a l  h e a l t h y  m e n ;  t h e  
e s t i m a t i o n s  w e r e  d o n e  i n  d u p l i c a t e ,  u s i n g  K r a m e r  a n d  
T i s d a l l ' s  m e t h o d ,  and  g a v e  r e s u l t s  v a r y i n g  f r o m  9 . 4  
t o  10  m g s .  p e r  1 0 0  c . c .  s e r u m .
N o r m a l /
-24-
-25-
Mgs, c a l c i u m  p e r  100  c . c . 
s e r u m .
9 . 6
9 . 7






9 . 7  
1 0 . 0
S u b s e q u e n t  d e t e r m i n a t i o n s  o f  t h e  s e r u m  c a l c i u m  
i n  t h e s e  s u b j e c t s  a t  i n t e r v a l s  o f  s e v e r a l  m o n t h s  
show ed  p r a c t i c a l l y  i d e n t i c a l  f i g u r e s .
A l l  i n v e s t i g a t o r s  h a v e  a g r e e d  t h a t  o n l y  a  
p o r t i o n  o f  t h e  c a l c i u m  p r e s e n t  i n  t h e  s e r u m  i s  f r e e .  
T h e r e  a r e  t h r e e  p o s s i b l e  f o r m s  i n  w h i c h  c a l c i u m  may 
o c c u r  i n  t h e  s e r u m ,  n a m e l y ,  a s  c a l c i u m  i o n s ,  a s  u n ­
d i s s o c i a t e d  m o l e c u l e s  i n  e q u i l i b r i u m ,  w i t h  t h e  i o n s ,  
an d  a s  a  n o n - i o n i z a b l e  com pound  w i t h  some o f  t h e  
o r g a n i c  c o n s t i t u e n t s  o f  t h e  s e r u m  . The sum t o t a l  
o f  t h e  c a l c i u m  p r e s e n t  i n  t h e  i o n i c  s t a t e  o r  a s  u n ­
d i s s o c i a t e d  m o l e c u l e s  may b e  d e t e r m i n e d  b y  d i a l y s i s  o r  
by  u l t r a - f i l t r a t i o n .  The  m e t h o d  o f  c o m p e n s a t i o n
d i a l y s i s /
I .
I I .  




V I I .




d i a l y s i s  o f  s e r u m  g i v e s  v a r i a b l e  r e s u l t s  i n  t h e  c a s e  o f  
t h e  i n o r g a n i c  c o n s t i t u e n t s  b e c a u s e  o f  t h e  e x i s t e n c e  o f  
a  D o n n a n  m em brane  e q u i l i b r i u m  on  t h e  s i d e s  o f  t h e  mem­
b r a n e .  The o l d e r  w o r k  on  u l t r a  f i l t r a t i o n ,  w h i c h  
y i e l d e d  v e r y  v a r i a b l e  r e s u l t s ,  w as  o b v i o u s l y  f a l l a c i o u s  
on  a c c o u n t  o f  t h e  h i g h  p r e s s u r e s  e m p l o y e d  f o r  f i l t r a t i o n  
s i n c e  an y  l a b i l e  co m p o u n d s  b e t w e e n  t h e  p r o t e i n  and  
i n o r g a n i c  c o n s t i t u e n t  may h a v e  b e e n  d e c o m p o s e d  b y  t h e  
e x c e s s i v e  p r e s s u r e s .
R e c e n t  w o r k e r s  u s i n g  t h e  m e t h o d  o f  u l t r a  
f i l t r a t i o n ,  e i t h e r  t h r o u g h  c o l l o d i o n  m e m b r a n e s  o r  
p a r c h m e n t ,  h a v e  e m p l o y e d  much l o w e r  p r e s s u r e s ,  i n  m o s t  
c a s e s  a p p r o x i m a t i n g  t o  t h e  a v e r a g e  s y s t o l i c  b l o o d  
p r e s s u r e ,  a n d  t h e  r e s u l t s  o b t a i n e d  h a v e  b e e n  much l e s s  
v a r i a b l e .  By t h i s  m e t h o d  C u s h n y ^ 176  ̂ f o u n d  6 0 - 7 0 $
o f  t h e  c a l c i u m  p r e s e n t  i n  ox  s e r u m  t o  b e  f i l t e r a b l e ,
( 7r  )
a n d  N e u h a u s e n  and  P i n c u s  f o u n d  5 0 - 7 0 $  f i l t e r a b l e  
c a l c i u m  i n  p i g  s e r u m .  S i n c e  n o  r e g u l a r  p r e c a u t i o n s  
a p p e a r  t o  h a v e  b e e n  t a k e n  b y  t h e s e  w o r k e r s  i n  o r d e r  t o  
s t a n d a r d i s e  t h e  m e m b r a n e s  u s e d  f o r  f i l t r a t i o n ,  t h e  
r e s u l t s  o b t a i n e d  b y  t h e m  f o r  t h e  d i f f e r e n t  a n i m a l s  a r e  
r e m a r k a b l y  c o n s t a n t ,  e s p e c i a l l y  a s  t h e  tv/o l a t t e r  
w o r k e r s  f i l t e r e d  v e r y  s m a l l  a m o u n t s  o f  s e r u m .
The  p r e s e n t  a u t h o r  h a s  c a r r i e d  o u t  a  s e r i e s
■
o f  e x p e r i m e n t s  o n  c o l l o d i o n  f i l t r a t i o n  o f  s e r u m  i n  
o r d e r  t o  a s c e r t a i n  t h e  r e l a t i v e  a m o u n t s  o f  d i f f u s i b l e  
and  n o n - d i f f u s i b l e  c a l c i u m  i n  t h i s  f l u i d .  The 
c o l l o d i o n  t u b e s  w e r e  p r e p a r e d  a s  f o l l o w s :
'
‘
A c o l l o d i o n  s o l u t i o n  o f  t h e  r e q u i s i t e  v i s c o s i t y  
was  p r e p a r e d  b y  d i s s o l v i n g  p u r e  c e l l o i d i n  i n  a  m i x t u r e  
o f  e q u a l  p a r t s  o f  m e t h y l a t e d  s p i r i t  a n d  e t h e r ,  i n  t h e  
p r o p o r t i o n  o f  1 p a r t  c e l l o i d i n  t o  10  o f  t h e  e t h e r  
s p i r i t  m i x t u r e .  T h i s  was  p o u r e d  i n t o  t e s t  t u b e s  
o f  4" x  1 "  d i m e n s i o n s ;  i t  was  p o u r e d  o f f  i m m e d i a t e l y  
a n d  t h e  t u b e s  a l l o w e d  t o  d r a i n  f o r  f i f t e e n  m i n u t e s .
The t h i n  f i l m  o f  c o l l o d i o n  a d h e r i n g  t o  t h e  i n n e r  
s u r f a c e  o f  t h e  t u b e s  w as  w i t h d r a w n  w h i l e  t h e  t u b e s  
w e r e  i m m e r s e d  i n  d i s t i l l e d  w a t e r ,  a n d  t h e  t h i m b l e  so  
o b t a i n e d  u s e d  a s  a  f i l t e r  b y  f i x i n g  a  p e r f o r a t e d  
r u b b e r  c o r k  i n t o  t h e  o p e n  e n d  a n d  c o n n e c t i n g  t h e  c o r k  
t o  a  p r e s s u r e  b o t t l e .  The  p r e s s u r e  u s e d  f o r  
f i l t r a t i o n  w as  h a l f  a n  a t m o s p h e r e .
The t u b e s  w e r e  f i r s t  o f  a l l  s u b j e c t e d  t o  a i r  
p r e s s u r e  t i l l  a l l  o b v i o u s  m o i s t u r e  h a d  d i s a p p e a r e d  
f r o m  t h e  i n s i d e  o f  t h e  t u b e ,  and  n o  m o r e  a p p e a r e d  on 
t h e  o u t s i d e  a f t e r  t h e  e x c e s s  w h i c h  h a d  b e e n  f o r c e d  
t h r o u g h  h a d  b e e n  r e m o v e d  b y  m e a n s  o f  f i l t e r  p a p e r .  
T h e r e a f t e r  s e r u m  w as  p u t  i n t o  t h e  t u b e s  a n d  p r e s s u r e  
a g a i n  a p p l i e d .  When f i l t r a t i o n  h a d  b e e n  i n  p r o g r e s s  
f o r  f i f t e e n  m i n u t e s ,  t h e  s e r u m  w as  r e m o v e d  f r o m  w i t h ­
i n  t h e  t u b e s ,  t h e  o u t s i d e s  o f  w h i c h  w e r e  d r i e d  w i t h  
f i l t e r  p a p e r .  I n  t h i s  way an y  w a t e r  p r e s e n t  i n  t h e  
i n t e r s t i c e s  o f  t h e  m em brane  w a s  d i s p l a c e d ,  a n d  d i l u t i o n  
o f  t h e  f i l t r a t e  d u r i n g  t h e  p r o c e s s  o f  f i l t r a t i o n  was 
t h e r e f o r e  a v o i d e d .




F i l t r a t i o n  was  a l l o w e d  t o  p r o g r e s s  f o r  n o t  l o n g e r  
t h a n  s e v e n  h o u r s  s i n c e  i f  c o n t i n u e d  f o r  a  l o n g e r  
p e r i o d ,  t h e  f i l t r a t e  c o n t a i n e d  a  g r e a t e r  c o n c e n t r a t i o n  
o f  c a l c i u m ,  a n d  n o  d o u b t  t h i s  was  d u e  t o  a  d i s t u r b a n c e  
o f  t h e  e q u i l i b r i u m  b e t w e e n  t h e  d i f f e r e n t  f o r m s  o f  
c o m b i n a t i o n  o f  c a l c i u m  i n  t h e  s e r u m .
The  f o l l o w i n g  t a b l e  i l l u s t r a t e s  t h e  i n f l u e n c e  
o f  u n k n o w n  q u a n t i t i e s  o f  m o i s t u r e  i n  t h e  m e m b r a n e ,  
a n d  o f  t h e  t i m e  o f  f i l t r a t i o n ,  o n  t h e  c a l c i u m  c o n t e n t  
o f  t h e  f i l t r a t e :
Time o f  F i l t r a t i o n  Mg. C a / lO O  c . c .
f i l t r a t e .
(a) Membrane  s u r f a c e  d r i e d  
b y  f i l t e r  p a p e r .
0 -  3 h o u r s  ---------- 4 . 2 mgs
3 -  7 » ----------- 7 . 0 mgs
7 -  22 ti ----------  8 . 5 mgs
(b ) /
( h )  Membrane t r e a t e d  b y  a i r  p r e s s u r e  a n d  p r e l i m i n a r y  
f i l t r a t i o n .
T i r e  o f  F i l t r a t i o n  Mg. Ca/ lOO c . c .
f i l t r a t e
0 - 3  h o u r s  ---------------------------  7 . 5
3 - 7  "   7 . 5 5
7 -  22  " _____________________  8 . 8 5
W h o le  s e r u m  9 . 0  m gs .  Ca/ lOO c . c .
The f o l l o w i n g  r e s u l t s  show t h a t  a f t e r  b e i n g
i*
t r e a t e d  a s  d e s c r i b e d  d i f f e r e n t  c o l l o d i o n  m em b ran es  
f i l t e r  e q u a l l y .
Mg. Ca/ lOO c . c .  w h o l e  s e r u m  u s e d  i n
— 29 —
f i l t r a t i o n  __________________________________  1 0 . 8
Mg. Ca/ lOO c . c .  f i l t r a t e :  F i l t e r  1 _______ 7 . 3
F i l t e r  2 _____  7 . 3
F i l t e r  3 ______ 7 . 2 5
F i l t e r  4 ______  7 . 2 5
U s i n g  t h i s  m e t h o d  o f  u l t r a - f i l t r a t i o n  t h r o u g h  
c o l l o d i o n  m e m b r a n e s  t h e  r e l a t i v e  p r o p o r t i o n s  o f  
d i f f u s i b l e  a n d  n o n - d i f f u s i b l e  c a l c i u m  h a v e  b e e n  
d e t e r m i n e d  i n  n o r m a l  hum an  s e r a ,  a n d  i n  t h e  serum, o f  
t h e  c a t  a n d  t h e  o x .  The f o l l o w i n g  r e s u l t s  w e r e  
o b t a i n e d :  /
-3 0 -
Human Ox C a t
ample M g . C a /
lO O c c .
s e r u m
^ D i f f ­
u s i b l e
c a l c i u m
M g . C a /  
100 c c  
c a l c i u m
% a s  
d i f f ­
u s i b l e  
c a l c i u m
Mg. C a /  
1 0 0  cc  
c a l c i u m
% a s  
d i f f ­
u s i b l e  
c a l c i u m
1 1 0 . 2 0 7 2 . 8 1 0 . 0 5 66 1 0 . 8 5 67
2 9 . 8 6 5 . 5 9 . 8 6 4 1 0 . 8 0 57
3 1 0 . 2 6 6 .  0 1 0 . 0 64 1 1 . 8 0 61
4 1 0 . 0 6 0 . 0 1 0 . 8 0 67
5 1 0 . 0 7 3 . 0 1 0 . 4 0 57
6 9 . 6 7 2 . 0 1 0 . 7 0 67
7 9 . 8 7 0 . 0 1 0 . 0 66
8 1 0 . 4 7 1 . 0 9 . 8 0 61
9 1 0 . 2 6 2 . 0 1 0 . 3 0 63
10 1 0 . 1 6 4 . 0
The d i f f u s i b l e  p o r t i o n  o f  t h e  s e r u m  c a l c i u m
a p p e a r s  t o  b e  f a i r l y  c o n s t a n t  i n  t h e  s p e c i e s  e x a m i n e d ,
a n d  t o  a m o u n t  t o  f r o m  5 7  t o  75  p e r  c e n t ,  o f  t h e  t o t a l ,
b e i n g  so m ew h a t  l o w e r  i n  t h e  c a t  a n d  t h e  o x  t h a n  i n  man.
T h a t  o n l y  a  f r a c t i o n  o f  t h e  d i f f u s i b l e  c a l c i u m  o f  t h e
s e ru m  i s  i n  t h e  f o r m  o f  c a l c i u m  i o n s  i s  shown b y  t h e
(7 8 )
w ork  o f  N e u h a u s e n  a n d  M a r s h a l l  . T h e s e  w o r k e r s ,  
u s i n g  a  c a l c i u m  e l e c t r o d e  m e t h o d  f o r  t h e  e s t i m a t i o n s ,  
f o u n d  o n l y  2 mg. c a l c i u m  p e r  1 0 0  c . c .  s e r u m  t o  b e  
p r e s e n t  a s  i o n s ,  t h e  m e an  e r r o r  o f  t h e  e s t i m a t i o n  
b e i n g /
- ,  ( 7 9 )
b e i n g  Z. 20%. B r i n k m a n  a n d  Van Dam h a v e
e s t i m a t e d  t h e  i o n i c  c a l c i u m  i n  s e r u m  u l t r a - f i l t r a t e
b y  a  m e t h o d  b a s e d  on  t h e  s o l u b i l i t y  p r o d u c t  Ca x  C2 04
a n d  f o u n d  a p p r o x i m a t e l y  2 mg. c a l c i u m  i o n s  p e r  100  c . c .
s e r u m .
I n t e r e s t i n g  p a p e r s  d e a l i n g  w i t h  t h e  f o r m  i n
w h i c h  c a l c i u m  e x i s t s  i n  t h e  b l o o d  h a v e  r e c e n t l y  b e e n
( 8 0 )
p u b l i s h e d  b y  H o l t ,  La Mer a n d  Chown . T h e s e  
a u t h o r s  b e l i e v e  t h a t  t h e  b l o o d  s e r u m  i s  n o r m a l l y  
s u p e r s a t u r a t e d  w i t h  Ca5 ( P 0 4 )2 t o  t h e  e x t e n t  o f  m o re  
t h a n  200%. On s h a k i n g  s e r u m  w i t h  s o l i d  c a l c i u m ,  
p h o s p h a t e  t h e r e  i s  a  r e d u c t i o n  i n  t h e  s e r u m  c a l c i u m  
f r o m  1 0 . 0  t o  1 . 8 - 2 . 5  mg. p e r  100  c . c . ,  a n d  i n  p h o s p h a t e  
f r o m  3 . 5  t o  1 . 5 - 2 . 1  mg. w i t h  p r e c i p i t a t i o n  o f  t e r t i a r y
c a l c i u m  p h o s p h a t e .  No s u c h  r e d u c t i o n  o c c u r s  on  s h a k i n g
.
w i t h o u t  t h e  s o l i d  p h a s e .  H e n c e  t h e  f l u i d s  b a t h i n g  
t h e  b o n e  m a t r i x ,  w h e r e  s o l i d  c a l c i u m  p h o s p h a t e  i s  
p r e s e n t , c a n  r e a d i l y  g i v e  u p  t h e i r  s u r p l u s  a n d  s o  
e n a b l e  c a l c i f i c a t i o n  t o  t a k e  p l a c e .  They  e x p l a i n  
t h e  s u p e r s a t u r a t i o n  a s  d u e  t o  t h e  s u d d e n  c h a n g e  d u r i n g  
a b s o r p t i o n  f r o m  t h e  a c i d  r e a c t i o n  o f  t h e  s m a l l  
i n t e s t i n e  t o  t h e  a l k a l i n e  r e a c t i o n  o f  t h e  t i s s u e s ,  a  
c h a n g e  w h i c h  p r o d u c e s  P04 * 1 1 f r o m  P 0 4 1 a n d  HP04 11 
w i t h  c o n s e q u e n t  f o r m a t i o n  o f  Ca5 ( P 04.)2 a t  a  r a t e  much 
g r e a t e r  t h a n  i t  c a n  b e  p r e c i p i t a t e d .
-3 1 -
%-3 2 -
The c a l c i u m  c o n t e n t  o f  t h e  s e r u m  i s  m a i n t a i n e d  
a t  a  r e m a r k a b l y  c o n s t a n t  l e v e l ,  a n d  n u m e r o u s  
o b s e r v a t i o n s  o f  i t s  a m o u n t  i n  v a r i o u s  p h y s i o l o g i c a l  
s t a t e s  a n d  p a t h o l o g i c a l  c o n d i t i o n s  o n l y  s e r v e  t o  
e m p h a s i s e  t h i s  f a c t .  T h i s  b e i n g  t h e  c a s e  i t  i s  
i r e a s o n a b l e  t o  a s s u m e  e i t h e r  t h a t  c a l c i u m  p l a y s  a  p a r t  
o f  n o  i m p o r t a n c e  i n  t h e  b o d i l y  e c o n o m y ,  o r  t h a t  a  v e r y  
d e l i c a t e  m e c h a n i s m  e x i s t s  w h e r e b y  an y  t e n d e n c y  t o  
d i s t u r b a n c e  o f  t h e  n o r m a l  c a l c i u m  m e t a b o l i s m  b y  o u t s i d e  
i n f l u e n c e s  i s  i m m e d i a t e l y  r e c t i f i e d .  S i n c e ,  h o w e v e r ,
t h e r e  a r e  a  f e w  w e l l  know n p a t h o l o g i c a l  c o n d i t i o n s
.
w h i c h  a r e  i n v a r i a b l y  a c c o m p a n i e d  b y ,  a n d  a r e  now 
r i g h t l y  c o n s i d e r e d  t o  b e  d u e  t o ,  a  d i s t u r b a n c e  o f  
c a l c i u m  m e t a b o l i s m ,  a n d  s i n c e  i n  s e v e r a l  o t h e r  c o n ­
d i t i o n s  d e r a n g e d  c a l c i u m  m e t a b o l i s m  i s  o c c a s i o n a l l y  
e v i d e n t ,  t h e  l a t t e r  a l t e r n a t i v e  may b e  f a i r l y  
a c c e p t e d ,  a n d  t h e  d i s t u r b a n c e  o f  c a l c i u m  m e t a b o l i s m  
c o n s i d e r e d  a s  b e i n g  d u e  t o  i m p r o p e r  f u n c t i o n i n g  o f  t h e  
w h o le  o r  p a r t  o f  t h i s  r e g u l a t i n g  m e c h a n i s m .
A p a r t  f r o m  v a r i a t i o n s  i n  t h e  s u p p l y  and  a v a i l -  
a b i l i t y  o f  e x o g e n o u s  c a l c i u m ,  w h i c h  h a v e  a l r e a d y  b e e n  
d i s c u s s e d ,  t h e r e  a r e  t h r e e  f a c t o r s  w h i c h  a r e  known t o  
i n f l u e n c e  t h e  s e r u m  c a l c i u m .
F i r s t l y ,  v i t a m i n  D i s  n e c e s s a r y  f o r  t h e  c o m p l e t e  
u t i l i s a t i o n  o f  c a l c i u m  b y  t h e  o r g a n i s m ,  a n d  i t s  
i n d i s p e n s a b i l i t y  i s  o b v i o u s  w hen  t h e  d i s a s t r o u s  
e f f e c t s /
The Control of the Serum Calcium.
-33 -
e f f e c t s  w h i c h  f o l l o w  i t s  r e m o v a l  a r e  o b s e r v e d .  W h e t h e r  
t h i s  f a c t o r  a c t s  b y  i n c r e a s i n g  t h e  a b s o r p t i o n  o f  
c a l c i u m  f r o m  t h e  d i e t ,  o r  b y  f a c i l i t a t i n g  i t s  
u t i l i s a t i o n  b y  t h e  t i s s u e s  i s  u n k n o w n ,  b u t  w hen  one  
c o n s i d e r s  t h e  m i n u t e  q u a n t i t i e s  w h i c h  a r e  r e q u i r e d ,  
a n d  a l s o  t h a t  u n d e r  t h e  i n f l u e n c e  o f  u l t r a - v i o l e t  r a y s  
t h e  o r g a n i s m  i t s e l f  may p r o d u c e  i t s  own v i t a m i n  D 
r e q u i r e m e n t ,  e v e n  when p r e v i o u s l y  s u f f e r i n g  f r o m  a  
v i t a m i n  D d e f i c i e n c y ,  t h e  l a t t e r  p o s s i b i l i t y  a p p e a r s  
t o  b e  t h e  m o s t  l i k e l y .  E x p e r i m e n t s  w h i c h  c l a i m  t o  
show t h a t  a b s o r p t i o n  o f  c a l c i u m  i s  s t i m u l a t e d  b y  
v i t a m i n  D m e r e l y  r e v e a l  t h e  f a c t  t h a t  a f t e r  a d d i t i o n  
o f  t h i s  f a c t o r  l e s s  c a l c i u m  i s  e x c r e t e d  t h a n  b e f o r e ,  
a n d  s i n c e  i t  h a s  b e e n  d e f i n i t e l y  shown i n  t h e  p r e ­
c e d i n g  p a g e s  t h a t  t h e  m a j o r  p a r t  o f  t h e  c a l c i u m  
a b s o r b e d  i s  r e - e x c r e t e d  v i a  t h e  l a r g e  b o w e l ,  s u c h  
e x p e r i m e n t s  c a n  o n l y  b e  i n t e r p r e t e d  a s  d e m o n s t r a t i n g  
a c a l c i u m  r e t e n t i o n ,  a n d  t h r o w i n g  n o  l i g h t  w h a t s o e v e r  
on t h e  p r o c e s s  o f  c a l c i u m  a b s o r p t i o n .
S e c o n d l y ,  t h e  p a r a t h y r o i d  g l a n d s  t h r o u g h  t h e  
m edium o f  t h e i r  s e c r e t i o n  p l a y  a  v e r y  d e f i n i t e  a n d  
i m p o r t a n t  p a r t  i n  t h e  m e c h a n i s m  c o n t r o l l i n g  c a l c i u m  
m e t a b o l i s m .  A g r e a t  d e a l  o f  e v i d e n c e ,  b o t h  e x p e r i ­
m e n t a l  a n d  c l i n i c a l ,  h a s  b e e n  b r o u g h t  f o r w a r d  i n  
s u p p o r t  o f  t h i s  s t a t e m e n t ;  m uch  o f  i t  h a s " b e e n  
q u e s t i o n e d ,  a n d  i t  i s  o n l y  r e c e n t l y  t h a t  d e f i n i t e  
p r o o f  h a s  b e co m e  a v a i l a b l e  t h a t  t h e  p a r a t h y r o i d  g l a n d s  
s e c r e t e  a n  a c t i v e  s u b s t a n c e  w h i c h  r e g u l a t e s  a t  l e a s t  
o n e /
-34-
; sh o w ed  t h a t  a d m i n i s t r a t i o n  o f  c a l c i u m  s a l t s  d e c r e a s e d
t h e  sym ptom s  i n  t e t a n i a  p a r a t h y r e o p r i v a ,  a n d  t h e i r
o b s e r v a t i o n  h a s  s i n c e  b e e n  a m p ly  c o n f i r m e d .  Con-
( 8 2 )v e r s e l y  M a c C a l l u m ,  L a m b e r t  a n d  V o g e l  " o b t a i n e d  h y p e r ­
e x c i t a b i l i t y  o f  t h e  n e r v e s  b y  p e r f u s i n g  b l o o d  w h i c h  h a d  
b e e n  d i a l y s e d  a g a i n s t  c a l c i u m  f r e e  f l u i d ,  b u t  n o t  when 
t h e  b l o o d  h a d  b e e n  d i a l y s e d  a g a i n s t ,  a  f l u i d  c o n t a i n i n g  
c a l c i u m .
I n  t e t a n i a  p a r a t h y r e o p r i v a  o c c u r r i n g  i n  a d u l t s
’
I lo w  s e r u m  c a l c i u m  v a l u e s  h a v e  a l s o  b e e n  f o u n d  by*
(6 0 )
K ra m e r  a n d  T i s d a l l  , a n d  i n  a  c a s e  o b s e r v e d  b y  t h e  
p r e s e n t  a u t h o r  t h e  s e r u m  c a l c i u m  was  f o u n d  t o  b e  
r e d u c e d  t o  6 . 9  mgms. p e r  1 0 0  c . c .  s e r u m .  T h e r e  i s  
t h u s  a m p l e  e v i d e n c e  t h a t  r e m o v a l  o f  t h e  p a r a t h y r o i d  
g l a n d s  r e s u l t s  i n  a  l o w e r i n g  o f  t h e  s e r u m  c a l c i u m ,  
w h i c h  i s  a p p a r e n t l y  r e s p o n s i b l e  f o r  t h e  e n s u i n g  
n e r v o u s  h y p e r e x c i t a b i l i t y .  The t h e o r y  a d v a n c e d  b y  
N o e l  P a t o n  a n d  h i s  c o - w o r k e r i 8 3 »®4 , 8 5 , 8 6 , 8 / )  
g u a n i d i n e  o r  i t s  d e r i v a t i v e s  a c c u m u l a t e  i n  t h e  b o d y  i n  
t h e  a b s e n c e  o f  t h e  p a r a t h y r o i d  g l a n d s  a n d  b y  a  t o x i c  
a c t i o n  o n  t h e  m o t o r  n e r v e  e n d i n g s  p r o d u c e  t e t a n y  h a s  
b e e n  d i s p r o v e d  b y  t h e  e x p e r i m e n t s  o f  M ac C a l lu m  a n d  
V o g e l ^ ^  , G r e e n w a l d ^ ^  a n d  C o l l i p  a n d  C l a r k ^ 0 , ^ ’*’ 
who w e r e  u n a b l e  t o  d e m o n s t r a t e  t h e  p r e s e n c e  o f  a  
t e t a n y  p r o d u c i n g  p o i s o n  i n  t h e  b l o o d  o f  p a r a t h y r o i d -  
| e c t o m i s e d  a n i m a l s .
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e x t r a c t  f r o m  b e e f  p a r a t h y r o i d s  f r o m  w h i c h  t h e y
s e p a r a t e d  a  n u c l e o p r o t e i n  t h a t  a p p e a r e d  t o  t h e m  t o
h a v e  a c t i v e  p r o p e r t i e s  when  a d m i n i s t e r e d  t o  p a r a -
( 9 3 )
t h y r o i d e c t o m i s e d  a n i m a l s .  B i e d l  i n  1916  t r a n s ­
p l a n t e d  t h e  p a r a t h y r o i d s  o f  a  do g  t o  t h e  s p l e e n  and  
t h e n  p e r f o r m e d  a  t h y r o i d e c t o m y .  T h i s  was  n o t  
f o l l o w e d  b y  t e t a n y ,  b u t  w hen  t h e  s p l e e n  was  r e m o v e d ,
m o n t h s  l a t e r ,  f a t a l  t e t a n y  d e v e l o p e d  w i t h i n  t w e n t y -
( 9 4  )
f o u r  h o u r s .  S i m i l a r l y  B o r c h e r s  , i n  1 9 1 9 ,  s t a t e d  
t h a t  a  s i n g l e  l a r g e  p a r a t h y r o i d  g r a f t  i s  a d e q u a t e  t o  
o b v i a t e  s y m p to m s  o f  p o s t - o p e r a t i v e  t e t a n y  i n  t h e  
human sub j  ec  t .
The  p r e s e n t  a u t h o r  e x p e r i m e n t i n g  i n  1 9 2 5 - 2 5  
w i t h  a n  e x t r a c t  o f  b e e f  p a r a t h y r o i d s  p r e p a r e d  b y  
M e s s r s  A rm our  a n d  Co.  f o u n d  t h a t  t h i s  p r e p a r a t i o n  
p r o d u c e d  a  v e r y  d e f i n i t e  r i s e  i n  t h e  s e r u m  c a l c i u m  
i n  hum an  s u b j e c t s .  The  r e s u l t s  a r e  g i v e n  i n  G r a p h  2-
-35-
Berkeley and Beebe in 1909 prepared an
-3 6 -
( 9 5 )  ( 9 6 )
H a n s o n  , B e r m a n  , a n d  H j o r t ,  R o b i n s o n
( 9 7 )
a n d  T e n d i o k  , h a v e  s i n c e  p u b l i s h e d  s i m i l a r  f i g u r e s
s h o w i n g  a  r i s e  i n  t h e  s e r u m  c a l c i u m  f o l l o w i n g  t h e
a d m i n i s t r a t i o n  o f  e x t r a c t  o f  t h e  p a r a t h y r o i d  g l a n d s
o b t a i n e d  b y  t h e m  b y  v a r i o u s  m e t h o d s  o f  e x t r a c t i o n .
I t  was  n o t ,  h o w e v e r ,  u n t i l  C o l l i p ^  i n  1925
e v o l v e d  a  m e t h o d  o f  e x t r a c t i o n  o f  t h e  p a r a t h y r o i d
g l a n d s  b y  m e a n s  o f  a c i d  d i g e s t i o n  a n d  i s o e l e c t r i c
p r e c i p i t a t i o n  t h a t  a  p o t e n t  e x t r a c t  w as  o b t a i n e d  t h a t
c o u l d  b e  r e l i e d  u p o n  t o  c a u s e  a  d e f i n i t e  r i s e  i n  t h e
s e r u m  c a l c i u m  i n  e v e r y  c a s e .  C o l l i p  f o u n d  t h a t  t h i s
e x t r a c t  -  ( 1 )  p r e v e n t e d  t e t a n y  f r o m  o c c u r r i n g  a f t e r
p a r a t h y r o i d e c t o m y .
( 2 )  a b o l i s h e d  t e t a n y  a l r e a d y  p r e s e n t  f o l l o w ­
i n g  p a r a t h y r o i d e c t o m y .
( 3 )  t h a t  t h e  d i s c o n t i n u a n c e  o f  i t s  u s e  a f t e r
p a r a t h y r o i d e c t o m y  was  f o l l o w e d  b y  
t e t a n y .
__
( 4 )  r a i s e d  t h e  s e r u m  c a l c i u m .
( 5 )  w as  a c t i v e  o r a l l y ,  h y p o d e r m i c a l l y  o r
i n t r a v e n o u s l y .
S i n c e  t h e  r i s e  i n  t h e  s e r u m  c a l c i u m  p r o d u c e d  b y
a  s i n g l e  d o s e  o f  t h e  e x t r a c t  was p r o p o r t i o n e d  t o  t h e
a m o u n t  g i v e n ,  h e  w as  a b l e  t o  s t a n d a r d i s e  p h y s .i o -l o g  1 oo 11 y
p h y s i o l o g i c a l l y ,  
t h e  p r e p a r a t i o n *  A p r o v i s i o n a l  u n i t  h a s  b e e n
a r b i t r a r i l y  d e f i n e d  ( C o l l i p ^ ® 9 ^ ) a s  o n e - h u n d r e d t h  o f
t h e  a m o u n t  o f  t h e  e x t r a c t  t h a t  w i l l  p r o d u c e  a n  a v e r a g e
i n c r e a s e  o f  5 mgms. i n  b l o o d  s e r u m  c a l c i u m  i n  a
n o r m a l  d o g  o f  20  kgm. w e i g h t  o v e r  a  p e r i o d  o f  15 h o u r s .
( 9 8 )
I t  w as  f u r t h e r  n o t e d  t h a t  r e p e a t e d  i n j e c t i o n s  
o f  e v e n  s m a l l  a m o u n t s  o f  t h e  e x t r a c t  a t  i n t e r v a l s  o f
Graph 3.
Pram Day 15 to 18 the patient suffered from 
headache, giddiness, weakness, nausea and vomiti
a  f e w  h o u r s  c a u s e d  i n  d o g s  a  much g r e a t e r  h y p e r ­
c a l c e m i a  ( 2 3  mgms. c a l c i u m  p e r  c e n t . )  t h a n  a  s i n g l e  
d o s e .  The i n c r e a s e  d u e  t o  e a c h  i n j e c t i o n  i s  s u p e r ­
i m p o s e d  u p o n  t h e  h i g h  l e v e l  o f  s e r u m  c a l c i u m  d u e  t o  
t h e  p r e v i o u s  i n j e c t i o n .  T h i s  h y p e r c a l c e m i a  i s  
d a n g e r o u s  a n d  i s  a c c o m p a n i e d  b y  sym ptom s  o f  a n o r e x i a ,  
v o m i t i n g ,  d i a r r h o e a ,  f a i l i n g  c i r c u l a t i o n ,  b r a d y ­
c a r d i a ,  coma a n d  d e a t h .  A p a r t  f r o m  t h e  g r e a t  i n ­
c r e a s e  i n  t h e  s e r u m  c a . l c i u m  no  o t h e r  u n e q u i v o c a b l e
c h a n g e s  i n  t h e  b l o o d  c h e m i s t r y  h a v e  b e e n  n o t e d .
( 1 0 0 )
L o o n e y  f o u n d  a  h y p e r c a l c e m i a  i n  hum an  s u b j e c t s  
a f t e r  s u c c e s s i v e  d o s e s  o f  C o l l i p ' s  p a r a t h y r o i d  e x t r a c t .  
The p r e s e n t  a u t h o r  a l s o  p r o d u c e d  sym ptom s  o f  h e a d a c h e ,  
n a u s e a ,  v o m i t i n g  a n d  g i d d i n e s s  i n  a  p a t i e n t  s u f f e r i n g  
f r o m  " f r a g i l l i t a s  of iseum" a s  a  r e s u l t  o f  a d m i n i s t r a t i o n  
o f  C o l l i p ' s  p a r a t h y r o i d  an d  t h e r e  was a  c o i n c i d e n t  
h i g h  s e r u m  c a l c i u m  v a l u e .  The s e r u m  c a l c i u m  f i g u r e s  
a r e  r e c o r d e d  i n  G r a p h 3 . I t  w i l l  b e  n o t e d  t h a t  i n  
t h i s  c o n d i t i o n  t h e  i n i t i a l  s e r u m  c a l c i u m  v a l u e  was  
v e r y  h i g h ,  a n d  t h i s  i s  p r o b a b l y  a  f e a t u r e  o f  t h e  
d i s e a s e .
-37-
-38-
( 1 0 1 )  ( 1 0 2 )  ( 103) 
C r i l e  , S n e l l  f L i s s e r  a n d  S h e p a r d s o n
( 1 0 4 )
an d  C o l l i p  h a v e  f o u n d  t h a t  t h e  a d m i n i s t r a t i o n  o f  
C o l l i p ' s  e x t r a c t  t o  hum an  s u b j e c t s  s u f f e r i n g  f r o m  
t e t a n i a  p a r a t h y r e o p r i v a  c a u s e d  a  r i s e  i n  t h e  s e r u m  
c a l c i u m  a n d  c u r e d  t h e  c o n d i t i o n .
I t  w o u l d  a p p e a r  t h e n  t h a t  t h e  p a r a t h y r o i d  g l a n d s  
p r o d u c e  a n  a c t i v e  p r i n c i p l e  w h i c h  c o n t r o l s  t h e  l e v e l  o f  
t h e  s e r u m  c a l c i u m . .  I n  s o  d o i n g  t h e s e  g l a n d s  r e s e m b l e  
known i n t e r n a l l y  s e c r e t i n g  g l a n d s  o f  t h e  b o d y ,  a n d  may 
t h e r e f o r e  b e  c l a s s e d  a l o n g  w i t h  t h e m .  The a c t i v e  
p r i n c i p l e  e v o l v e d  b y  t h e  p a r a t h y r o i d  g l a n d s  s eem s  t o
i b e  o f  t h e  n a t u r e  o f  a  h o r m o n e ,  b o t h  i n  t h e  a b s e n c e  o f
.
w h i c h  a n d  i n  i t s  p r e s e n c e  i n  e x c e s s ,  a  d e f i n i t e  t r a i n  
o f  sym ptom s  d e v e l o p s .
The  m e a n s  w h e r e b y  t h e  p a r a t h y r o i d  h o rm o n e  e x e r t s  
i t s  c o n t r o l l i n g  a c t i o n  o n  t h e  s e r u m  c a l c i u m  r e m a i n  t o
b e  e x a m i n e d .  C l e a r l y  t h e  h o r m o n e  may a f f e c t  t h e
■
a b s o r p t i o n  o r  e x c r e t i o n  o f  c a l c i u m ,  o r  may e x e r t  some 
| c o n t r o l l i n g  a c t i o n  o n  t h e  e q u i l i b r i a  b e t w e e n  t h e  
d i f f e r e n t  f o r m s  o f  c o m b i n a t i o n  i n  w h i c h  c a l c i u m  e x i s t s  
i n  t h e  b l o o d  and. b e t w e e n  t h e  c o n c e n t r a t i o n  i n  t h e  
b l o o d  a n d  i n  t h e  t i s s u e s .  I n  t h e  w o r k  r e c o r d e d  b e l o w  
t h e  a u t h o r  h a s  a im e d  a t  o b t a i n i n g  some d i r e c t  e v i d e n c e  
a s  t o  t h e  mode i n  w h i c h  t h e  p a r a t h y r o i d  h o r m o n e  e x e r t s  
i t s  a c t i o n .
S i n c e /
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S i n c e  many o f  t h e  p r o j e c t e d  e x p e r i m e n t s  
n e c e s s i t a t e d  t h e  f r e q u e n t  d r a w i n g  o f  b l o o d  s a m p l e s  
a n d  c o n s e q u e n t l y  i n v o l v e d  c o n s i d e r a b l e  h a e m o r r h a g e ,  
i t  s e e m e d  a d v i s a b l e  t o  t e s t  f i r s t  t h e  e f f e c t  o f  
h a e m o r r h a g e  i t s e l f  o n  t h e . c a l c i u m  c o n t e n t  o f  t h e  
s e r u m .
C a t s  w e r e  u s e d  t h r o u g h o u t  a s  t h e  e x p e r i m e n t a l  
a n i m a l s ,  an d  a l t h o u g h  t h e s e  w e r e  b l e d  f r e e l y  a t  
i n t e r v a l s  o f  h a l f  a n  h o u r ,  t o  t h e  e x t e n t  o f  a  s i x t y  
p e r  c e n t ,  d i m i n u t i o n  o f  t h e  e s t i m a t e d  t o t a l  b l o o d  
v o l u m e ,  a n d  a  c o r r e s p o n d i n g l y  l a r g e  l o s s  o f  h a e m o g l o b i n  
t h e r e  w as  no  r e d u c t i o n  i n  t h e  s e r u m  c a l c i u m  e v e n  a t  
d e a t h .  The r e s u l t s  o f  t h e s e  e x p e r i m e n t s  a r e  g i v e n  
i n  T a b l e  I I .
T a b l e  I I  /
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Table II.
The e f f e c t  o f  h a e m o r r h a g e  o n  t h e  s e r u m  c a l c ium  i n  
t h e  c a t .
No. Wt. o f  
c a t . 
i n
g r a m s
Time
i n
m i n s .
% H ae ­
m o g l o ­
b i n .
C o r p .  
v o l . 
h a e -  
m a t o -  
c r i t .
Mg.Ca 
p e r  
l O O c c . 
s e r u m
T o t a l  
h a e ­
m o r r ­
h a g e  
c c .
% r e ­
d u c t i o n  
i n  s e r u m  
C a .
% r e d u c t i o n  
i n  h a e m o ­
g l o b i n .
1 2 8 0 0 0 66 35 9 . 9 0
3 0 55 32 9 . 8 4 —
6 0 53 29 9 . 8 7 — _
9 0 50 24 9 . 9 0 47 N i l 15
2 3 0 0 0 0 65 31 1 0 . 3
■ 40 - - 1 0 . 2 5 - —
8 0 - - 1 0 . 3 — w
1 2 0 50 25 1 0 . 3 —
1 5 0 - - 1 0 . 4 — _
1 8 0 40 21 1 0 . 3 81 N i l 3 7 . 4
3 3 0 0 0 0 7 0 9 . 5
60 - - 9 . 5 — — —
1 2 0 - - 9 . 5 — —
1 8 0 47 — 9 . 5 57 N i l 33
4 2 9 8 0 0 66 44 9 . 9 0
40 - - 9 . 9 0 - -
8 0 - - 9 . 9 0 - —
1 2 0 - - 9 . 9 0 - —
1 5 0 50 3 0 9 . 9 0 8 0 N i l 24
5 3000 0 67 _ i i : o _ _
60 - - 1 0 i 9 5 —
12 0 - — 10:95
1 8 0 40 - 1 1 . 0 90 N i l 40
6 3020 0 . . 9:25
60 - - 9 i 25 i .
120 mm - 9 . 2 5 ca
18 0 tm 9 . 2 5 89 N i l mm




The  E f f e c t  o f  P a r a t h y r o i d  Hormone on  t he .  Biood.
S e ru m  o f  C a t s»
The p a r a t h y r o i d  h o rm o n e  u s e d  i n  t h e  e a r l i e r  
e x p e r i m e n t s  w as  k i n d l y  p r e s e n t e d  t o  t h e  a u t h o r  h y  B r  
McNee, who h a d  o b t a i n e d  i t  f r o m  Br C o l l i p ;  l a t e r  t h e  
c o m m e r c i a l  p r e p a r a t i o n  " P a r a t h o r m o n e  L i l l y " ,  e x t r a c t e d  
h y  C o l l i p ’ s m e t h o d  w a s  e m p l o y e d .  T a b l e  I I I .  show s  
t h e  e f f e c t  o f  s u b c u t a n e o u s  i n j e c t i o n s  o f  t h e s e  p r e ­
p a r a t i o n s  o n  c a t s .
Table III.
E f f e c t  o f  C o l l i p ’ e p a r a t h y r o i d  e x t r a c t  g i v e n  s u h -  
c u t a n e o u s l y ,  on  t h e  s e r u m  c a l c i u m  i n  c a t s .  ( 0 . 5  
c . c .  ( 1 0  u n i t s )  p a r a t h y r o i d  e x t r a c t  g i v e n  a f t e r  
w i t h d r a w a l  o f  f i r s t  b l o o d  s a m p l e ) .
Wt.  o f  c a t  
i n  g r a m s .
Mg. Ca p e r  100  c . c .  s e r u m I n c r e a s e
B e f o r e  i n j e c t i o n 15  h r s .  a f t e r  
i n j e c t i o n .
2110 1 0 . 2 1 2 . 4 2 . 2
2440 9 . 7 1 1 . 9 2 . 2
2800 9 . 8 1 2 . 8 3 . 0
3360 1 1 . 0 1 4 . 2 3 . 2
2800 1 0 . 4 1 4 . 1 3 . 7
I n  e v e r y  c a s e  i t  w i l l  b e  n o t e d  t h e  s e r u m  c a l c iu m -  
r o s e  t o  a n  e x t e n t  w h i c h ,  t h o u g h  l e s s  t h a n  w o u l d ,  
p r e s u m a b l y ,  h a v e  b e e n  o b s e r v e d  i n  d o g s ,  w as  w e l l  b e y o n d  
t h e  l i m i t s  o f  e x p e r i m e n t a l  e r r o r  a n d  w a s  u n d o u b t e d l y  
r e a l .  The e f f e c t  o f  i n t r a v e n o u s  i n j e c t i o n  o f  t h e  
ho rm one  was n e x t  i n v e s t i g a t e d .  The c a t  w as  
a n a e s t h e t i s e d /
-42-
a n a e s t h e t i s e d  b y  m e a n s  o f  p a r a l d e h y d e  a n d  e t h e r  and  a  
s a m p l e  o f  b l o o d  h a v i n g  b e e n  w i t h d r a w n  f r o m  t h e  
c a r o t i d ,  p a r a t h y r o i d  h o rm o n e  was  g i v e n  i n t r a v e n o u s l y  
a n d  t h e r e a f t e r  b l o o d  was  w i t h d r a w n  a t  f r e q u e n t  
i n t e r v a l s .
T a b l e  I V .
( a )  E f f e c t  o f  i n t r a v e n o u s  i n j e c t i o n  o f  " P a r a t h o r m o n e "  
i n  c a t s  a n a e s t h e t i s e d  w i t h  p a r a l d e h y d e  an d  e t h e r .
Expt. W t . o f
c a t
i n
g r a m s .
Mg. Ca p e r  
1 0 0  c . c .  
s e r u m  b e ­
f o r e  i n ­
j e c t i o n .
P a r a t h o r m o n e
i n j e c t e d .
Mg.. Ca p e r  10 0  c 
s e r u m .
• c .
c . c .
3 0  m i n . 1 2 0  m in ,
---
160  nr
1 2 2 1 0 1 0 . 1 0 . 5 1 0 . 9 1 1 . 8 1 1 . 1
2 2 9 0 0 1 0 . 0 0 . 5 1 1 . 6 1 2 . 0 1 0 . 4
3 3 3 0 0 1 0 . 4 0 . 5 1 0 . 9 1 2 . 0 1 1 . 6
(b )  E f f e c t  o f  i n t r a v e n o u s  i n j e c t i o n  o f  " P a r a t h o r m o n e "  
i n  d e c e r e b r a t e  a n d  p i t h e d  c a t s .
W t. o f
c a t
i n
g r a m s
Mg. Ca p e r  
1 0 0  c . c .  
s e r u m  b e ­
f o r e  i n ­
j e c t i o n .
P a r a t h o r m o n e
i n j e c t e d
c . c .





45 m i n s . 9 0  m i n s .
3 4 0 0 1 0 . 3 0 0 . 6 1 0 . 7 0 1 1 . 6 5
28 9 0 9 . 6 0 . 6 1 1 . 7 0 1 2 . 0 0
E x p t ,
1
2
The . r e s u l t s  o f  t h e s e  e x p e r i m e n t s  ( T a b l e  IV ( a )  ) 
show t h a t  u n d e r  t h e s e  c o n d i t i o n s  t h e  h o rm o n e  e x e r t s  i t s  
a c t i o n  much  m o re  r a p i d l y  t h a n  when g i v e n  h y p o d e r m i c a l l y  
t h e  maximum r i s e  i n  t h e  s e r u m  c a l c i u m  b e i n g  a t t a i n e d  
i n  a b o u t  tw o  h o u r s .  The m a g n i t u d e  o f  t h e  r i s e ,  
h o w e v e r ,  i s  n o t  g r e a t l y  i n c r e a s e d .
In/
-4 3 —
I n  T a b l e  IV ( b )  a r e  shown t h e  r e s u l t s  o f  e x p e r i ­
m e n t s  i n  w h i c h  t h e  p a r a t h y r o i d  h o r m o n e  was  g i v e n  
i n t r a v e n o u s l y  t o  c a t s  a f t e r  d e c e r e b r a t i o n  w h i c h  
i n c l u d e d  r e m o v a l  o f  t h e  p i t u i t a r y  g l a n d ,  t h e  s p i n a l  
c o r d  h a v i n g  a l s o  b e e n  d e s t r o y e d .  The r i s e  i n  t h e  
s e r u m  c a l c i u m  was  o f  t h e  same m a g n i t u d e  a s  t h a t  
o c c u r r i n g  i n  a n a e s t h e t i s e d  a n i m a l s .  I t  i s  e v i d e n t  
t h e r e f o r e  t h a t  t h e  e f f e c t  o f  t h e  p a r a t h y r o i d  h o rm o n e  
i s  n o t  e x e r t e d  t h r o u g h  t h e  c e n t r a l  n e r v o u s  s y s t e m .
I t  may b e  r e m a r k e d  a t  t h i s  p o i n t  t h a t  e x p o s u r e  
t o  a i r  r a p i d l y  i n a c t i v a t e d  t h e  h o r m o n e  ( T a b l e  V ) .
Tab l e  V -
E f f e c t  o f  s u b c u t a n e o u s  i n j e c t i o n  o f  C o l l i p ' s  p a r a ­
t h y r o i d  e x t r a c t ,  w h i c h  h a d  b e e n  e x p o s e d  t o  a i r  and  
k e p t  a t  3 7 °  C. f o r  2 4  h o u r s ,  on  t h e  s e r u m  c a l c i u m  
i n  c a t s .
ü x p t .
1
2
W t . o f  
c a t  i n  
g r a m s
1 9 8 0
2 3 5 0
M g . C a / 1 0 0  c . c ,  
s e r u m  b e f o r e  
i n j e c t i o n .
9 . 5
1 0 . 5
P a r a t h y r o i d
e x t r a c t
i n j e c t e d
c . c .
0 . 5
0 . 5
Mg.Ca p e r  
1 0 0  c . c .  
s e r u m  
15 h o u r s .
9 . 5
1 0 . 5
T h e /
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The d i r e c t  m e a s u r e m e n t  o f  t h e  a b s o r p t i o n  o f  
c a l c i u m  i s  b e s e t  w i t h  many d i f f i c u l t i e s .  N o t  o n l y  
i s  t h e  f a e c a l  o u t p u t  a  c o m b i n a t i o n  o f  u n a b s o r b e d  
r e s i d u e s  an d  o f  r e - e x c r e t e d  c a l c i u m ,  t h e  r e l a t i v e  
a m o u n t s  o f  e a c h  b e i n g  u n k n o w n ,  b u t  t h e  a m o u n t  r e t a i n e d -  
w h i c h  i s  a l l  t h a t  c a n  b e  m e a s u r e d  -  i s  o b t a i n e d  b y  
d i f f e r e n c e  f r o m  e s t i m a t i o n s  o f  t h e  t o t a l  i n t a k e  a n d  
t o t a l  o u t p u t ,  a n d  i s  n e v e r  m o re  t h a n  a  s m a l l  f r a c t i o n  
o f  e i t h e r .  The m a r g i n  o f  e r r o r  i s  s u c h  e x p e r i m e n t s  
i s  t h e r e f o r e  c o n s i d e r a b l e .  Nor  i s  i t  d e s i r a b l e  t o  
t a k e  t h e  u r i n a r y  e x c r e t i o n  a s  a n  i n d e x  o f  t h e  am o u n t  
o f  c a l c i u m  a b s o r p t i o n  s i n c e  i t  v a r i e s  v e r y  c o n s i d e r a b l y  
f r o m  d a y  t o  d a y  e v e n  u n d e r  a p p a r e n t l y  s t a n d a r d  c o n ­
d i t i o n s  .
B r i e f l y ,  t h e  m e t h o d  u s e d  b y  t h e  a u t h o r  c o n s i s t s  
i n  t h e  c o m p l e t e  r e m o v a l  o f  t h e  a l i m e n t a r y  c a n a l  d i s t a l  
t o  t h e  o e s o p h a g u s ,  i . e .  t h e  w h o l e  o f  t h a t  p o r t i o n  
f r o m  w h i c h  a b s o r p t i o n  may c o n c e i v a b l y  t a k e  p l a c e .
I f ,  u n d e r  t h e s e  c o n d i t i o n s ,  t h e  p a r a t h y r o i d  h o rm o n e  
i s  a b l e  t o  e x e r t  i t s  f u l l  e f f e c t  on  t h e  s e r u m  c a l c i u m ,  
i t  m u s t  m o b i l i s e  c a l c i u m  f r o m  some i n t e r n a l  s o u r c e  o r ,  
p o s s i b l y ,  a c t  b y  c o n t r o l l i n g  t h e  r a t e  o f  e x c r e t i o n .
On t h e  o t h e r  h a n d ,  i t s  i n a b i l i t y  t o  r a i s e  t h e  s e r u m  
c a l c i u m  w o u l d  i n d i c a t e  t h a t  n o r m a l l y  t h e  h o rm o n e  d r a w s  
on a n  e x t e r n a l  s u p p l y .
T h e /
The Effect of Parathormone on the Absorption
of Calcium.
The technique of the experiments was as follows: 
Paraldehyde and ether were used to produce anaesthesia» 
The abdomen having been opened, the duodeno-jejunal 
.junction was identified and the gut severed between 
two ligatures at this point. The rectum was then 
drawn up out of the pelvis and cut across between 
ligatures close to the anus. The superior and in­
ferior mesenteric arteries were ligated and the small 
and large intestine removed entirely. The duodenum 
was separated from the head of the pancreas, branches 
of the pancreatico-duodenal arteries being ligated.
A series of ligatures were tied along the lesser and 
greater curvatures of the stomach from the pylorus to 
the cardia including the gastric vessels in the lesser 
omentum, and in the anterior layer of the greater 
omentum. The lower end of the oesophagus was ligated 
and cut across. The pylorus and first part of the 
duodenum were carefully separated from the portal vein, 
superior pancreatico-duodenal, splenic, and hepatic 
arteries, and the stomach and duodenum were removed by 
severing the omenta along the curvatures of the 
stomach. In this way the alimentary canal distal to 
the oesophagus was dispensed with, leaving the liver, 
spleen, and pancreas in situ, receiving an almost 
intact blood supply, that portion only of the portal 
circulation arising in the gut having been interfered 
with. The integrity of the arterial supply and 
venous/
venous return to these organs was in every case 
proved hy the presence of arterial pulsation and hy 
inspection of the venous flow. Where exclusion of 
liver, spleen and pancreas from the circulation was 
desired, the procedure was similar to that employed 
for evisceration alone, hut it was unnecessary to 
separate the duodenum from the head of the pancreas.
The hepatic artery and portal vein were ligated and 
cut in the free border of the lesser omentum, and the 
spleen and pancreas were removed entirely, after 
ligation of their respective arteries and veins.
At intervals blood was withdrawn through a 
cannula in the carotid artery, and injections were 
made through a cannula inserted in the external jugular 
vein. The animals were kept on artificial respiration 
and despite the extensive surgical interference, their 
condition remained satisfactory throughout the experi­
mental period. It was necessary, as a preliminary, 
to the actual experiments, to ensure that in them the 
only variable condition was the presence or absence 
of added parathyroid hormone, since there were two 
other factors which might conceivably have caused an 
alteration in the calcium content of the blood.
Firstly it had to be shown that the operative shock 
was without effect in this direction. Secondly, in 
removing the whole of the alimentary canal, not only 
had absorption of calcium been prevented, but one of 
the possible excretory routes had also been cut off. 
Control/
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C o n t r o l  e x p e r i m e n t s  i n  w h i c h  e v i s c e r a t i o n  w as  p e r ­
f o r m e d  h u t  no p a r a t h y r o i d ,  h o rm o n e  g i v e n  show ed  t h a t  
o v e r  a p e r i o d  o f  t h r e e  h o u r s ,  t h e  s e r u m  c a l c i u m  
r e m a i n e d  a b s o l u t e l y  u n c h a n g e d .  W h e t h e r  t h e  two 
f a c t o r s  a r e  i n d i v i d u a l l y  w i t h o u t  e f f e c t ,  o r  w h e t h e r  
t h e i r  e f f e c t s  c a n c e l  o n e  a n o t h e r  w as  n o t  d e t e r m i n e d ,  
h u t  w a s , i n  t h i s  c a s e ,  a  m a t t e r  o f  no i m p o r t a n c e .
The r e s u l t s  o f  a  n u m b e r  o f  e x p e r i m e n t s  on  t h e  
e f f e c t  o f  p a r a t h y r o i d  h o rm o n e  on  t h e  s e r u m  c a l c i u m  o f  
e v i s c e r a t e d  c a t s  a r e  g i v e n  i n  T a b l e  V I .
T a b l e  V I .
The e f f e c t  o f  e v i s c e r a t i o n  a n d  t h e  r e m o v a l  o f  t h e  
l i v e r ,  s p l e e n  a n d  p a n c r e a s  on  t h e  s e r u m  c a l c i u m
i n c a t s .
W t .  o f M g . ' Ca p e r lO O Mg. Ca p e r  1 0 0 c . c .
c a t  i n c .  c .  s e r u m  b e ­ s e r u m .
g r a m s f o r e  r e m o v a l . 4 5  m i n s . 90  m in s
2860 9 . 8 0 I n t e s t i n e , 9 . 8 0 9 . 8 0
’ l i v e r , s p l e e n • •
3950 1 0 . 5 0 & p a n c r e a s 1 0 . 4 5 1 0 . 4 5
r e m o v e d ' ‘
3800 9 . 9 0 9 . 8 5 9 . 9 0
T a b l e  V I I  /
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The  e f f e c t  o f  i n t r a v e n o u s  i n j e c t i o n  o f  p a r a t h o r m o n e  
o n  t h e  s e r u m  c a l c i u m  o f  e v i s c e r a t e d  c a t s .
Table VII.
Expt. . W t .  o f  
c a t  i n  
g r a m s
Mg. Ga 
p e r  100  
c c . s e r u m  
b e f o r e  
i n j e c t i o n
P a r a t h o r m o n e  
i n j e c t e d  
( c . c . )
Mg. Ca p e r  1 0 0  c . c .  
s e r u m .
45 m i n s . 9 0  m i n s .
1 2 7 6 0 9 . 0 0 . 7 9 . 8 1 1 . 2
2 2 6 0 0 9 . 4  > 0 . 7 1 1 . 2 1 1 . 8
3 3 5 0 0 8 . 4 0 . 7 1 1 . 4 1 0 . 2
4 2 9 9 0 9 . 6 0 . 7 1 0 . 6 1 0 . 8
5 3 3 3 0 1 0 . 0 0 . 7 1 1 . 6 1 1 . 2
6 3 2 9 0 8 . 9 0 . 7 1 0 . 0 1 0 . 8
T a b l e  V I I I .
The  e f f e c t  o f  p a r a t h o r m o n e  o n  t h e  s e r u m  c a l c i u m  o f  
c a t s  i n  w h i c h  t h e  l i v e r ,  s p l e e n ,  p a n c r e a s ,  i n t e s ­
t i n e  a n d  s t o m a c h  h a v e  b e e n  r e m o v e d .
Expt. Wt.  o f  
c a t  i n  
g r a m s
Mg. Ga 
p e r  1 0 0  
c c . s e r u m  
b e f o r e  
i n j e c t i o n
P a r a t h o r m o n e  
i n j e c t e d  
( c . c .  )
Mg. Ca p e r  1 0 0  c . c .  
s e r u m .
45 m i n s . 9 0  m i n s .
\
1 4 0 5 0 9 . 8 0 0 . 6 1 1 . 0 0 1 1 . 3 5
2 2 9 8 0 1 0 . 3 0 0 . 6 1 0 . 7 0 1 1 . 6 5
3 4010 9 . 9 0 0 . 6 1 0 . 6 0 1 1 . 1 0
I t  w i l l  b e  n o t e d  t h a t  i n  e v e r y  c a s e  t h e  h o rm o n e  
p r o d u c e d  a  r i s e  i n  t h e  s e r u m  c a l c i u m ,  a n d  c o m p a r i s o n  
o f  t h e s e  r e s u l t s  w i t h  t h o s e  g i v e n  i n  T a b l e  IV shows 
t h a t /
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t h a t  t h e  m a g n i t u d e  o f  t h e  r i s e  i s  a s  g r e a t  i n  
e v i s c e r a t e d  a s  i n  n o r m a l  a n i m a l s .  I t  s eem s  f a i r ,  
t h e n ,  t o  c o n c l u d e  t h a t  t h e  p a r a t h y r o i d  h o rm o n e  e x e r t s  
i t s  i n f l u e n c e  on  t h e  c a l c i u m  c o n t e n t  o f  t h e  b l o o d  
w i t h o u t  d r a w i n g  on  e x t e r n a l  s o u r c e s  o f  c a l c i u m ,  i . e .  
w i t h o u t  s t i m u l a t i n g  c a l c i u m  a b s o r p t i o n .  F u r t h e r ,  t h e  
l i v e r ,  s p l e e n  a n d  p a n c r e a s ,  h a v e  n o  s p e c i a l  f u n c t i o n  
a s  i n t e r n a l  s o u r c e s  o f  c a l c i u m  ( t h o u g h  o f  c o u r s e  t h e y  
may b e  u s e d  a s  r e s e r v e s  i n  t h e  same way a s  o t h e r  
t i s s u e s )  n o r  do  t h e y  a p p e a r  t o  i n f l u e n c e  t h e  a c t i o n  
o f  t h e  h o r m o n e  i n  any  w ay .
The  e f f e c t  o f  t h e  p a r a t h y r o i d  h o r m o n e  on  t h e  
e x c r e t i o n  o f  c a l c i u m  b y  t h e  l a r g e  b o w e l  was  i n v e s t i ­
g a t e d  u s i n g  a  m e t h o d  s i m i l a r  t o  t h a t  e m p l o y e d  b y  t h e  
a u t h o r  a n d  a l r e a d y  d e s c r i b e d ,  i n  t h e  s t u d y  o f  c a l c i u m  
e x c r e t i o n .  An i n j e c t i o n  o f  t h e  h o r m o n e  was g i v e n  a t  
t h e  e n d  o f  a  t h r e e  h o u r  c o n t r o l  p e r i o d .  T h a t  t h e  
h o r m o n e  was  a c t i v e  w as  shown i n  e a c h  c a s e  b y  t h e  w i t h ­
d r a w a l  o f  b l o o d  s a m p l e s  a t  i n t e r v a l s  a n d  e s t i m a t i o n  
o f  t h e  s e r u m  c a l c i u m .  The r e s u l t s  a r e  s e t  f o r t h  i n  
T a b l e  I X ,  a n d  show t h e  h o r m o n e  t o  h a v e  l i t t l e  o r  no  








The e f f e c t  o f  I n t r a v e n o u s  i n j e c t i o n  o f  p a r a t h o r m o n e  
on  t h e  e x c r e t i o n  o f  c a l c i u m  b y  t h e  l a r g e  i n t e s ­
t i n e  i n  c a t s .
Table IX.
W t.  o f
c a t  i n  
g r a m s
2 7 9 0
2 4 0 0
2 3 0 0
3 0 5 0
Mg. C a  i n  
l a r g e  i n ­
t e s t i n e  
a f t e r  
1 s t  3 h r  
p e r i o d
0 . 7 4
0 . 7 0
0 . 6 4
0 . 6 0
M g .  C a  
p e r  1 0 0  
c c .  
s e r u m  
i n ­
j e c t ­
i o n .
1 0 . 6
9 . 9
9 . 8
1 0 . 0
P a r a -  
t h o r -  
mone- 
i n -  
j  a c t ­






Mg. Ca i n  
l a r g e  i n ­
t e s t i n e  
a f t e r  2 n d  
3 h r .  p e r ­
i o d .
2 . 0
0 . 7 2
0 . 8 0
0 . 6 0
Mg. Ca p e r  
1 0 0  c c .  
s e r u m  3 h r  
a f t e r  i n ­
j e c t i o n .
1 2 . 0
1 1 . 5
1 1 . 7
1 1 . 8
I n  o n l y  one  e x p e r i m e n t  was  a  d e f i n i t e  i n c r e a s e  
o b t a i n e d ,  b u t  on  t h e  o t h e r  h a n d ,  i n  n o  c a s e  was  t h e r e  
a  d e c r e a s e .  The l a t t e r ,  a s  h a s  b e e n  p o i n t e d  o u t ,  i s  
t h e  i m p o r t a n t  f i n d i n g ,  and  i n d i c a t e s  c l e a r l y  t h a t  t h e  
p a r a t h y r o i d  h o r m o n e  d o e s  n o t  c o n t r o l  t h e  r a t e  o f  
e x c r e t i o n  o f  c a l c i u m  b y  way o f  t h e  l a r g e  i n t e s t i n e .
The f a c t  t h a t  l i t t l e  o r  n o  i n c r e a s e  i n  t h e  c a l c i u m  
e x c r e t i o n  was  o b s e r v e d  i n  t h e s e  e x p e r i m e n t s  i s  n o t  
s u r p r i s i n g -  i n  v i e w  o f  t h e  s m a l l  r i s e  i n  t h e  s e r u m  
c a l c i u m  p r o d u c e d  b y  t h e  p a r a t h y r o i d  h o r m o n e  c o m p a r e d  
w i t h  t h a t  f o l l o w i n g  t h e  i n j e c t i o n  o f  c a l c i u m  s a l t s .
I n d e e d  when  one  c o n s i d e r s  t h e  am o u n t  of  c a l c i u m  
e x c r e t e d  d u r i n g  t h e  c o n t r o l  p e r i o d ,  i t  s eem s  h a r d l y  
p o s s i b l e  t h a t  t h e  p a r a t h y r o i d  h o rm o n e  c o u l d  p r o d u c e  
t h e  o b s e r v e d  r i s e  i n  t h e  s e r u m  c a l c i u m  b y  d i m i n i s h i n g  
t h i s /
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t h i s  a m o u n t .  The a v e r a g e  o f  a  n u m b e r  o f  e x p e r i m e n t s  
shows  t h a t  t h e  t o t a l  e x c r e t i o n  o f  c a l c i u m ' i n  t h e  
c o n t r o l  p e r i o d  o f  t h r e e  h o u r s  i s  0 . 8  m g . , t h e  g r e a t e s t  
e x c r e t i o n  o b s e r v e d  b e i n g  j u s t  o v e r  1 . 0  mg. Now i n  
a l l  my e x p e r i m e n t s  t h e  s e r u m  c a l c i u m  h a s  b e e n  a t  
l e a s t  1 . 0  mg. p e r  10 0  c . c .  h i g h e r  a t  t h e  e n d  o f  t h e  
t h r e e - h o u r  p e r i o d  t h a n  a t  t h e  b e g i n n i n g ,  an d  t h e  n e t  
r i s e  h a s  u s u a l l y  b e e n  g r e a t e r  t h a n  t h i s .  The s m a l l ­
e s t  c a t  u s e d  i n  t h e s e  e x p e r i m e n t s  w e i g h e d  2 5 0 0  g r a m s ,  
w h i c h  m e a n s  a n  a p p r o x i m a t e  b l o o d  v o l u m e  o f  2 0 0  c . c .  
a n d  t h e r e f o r e  a t  l e a s t  1 00  c . c .  o f  s e r u m .  H ence  a n  
i n c r e a s e  o f  1 mg. p e r  1 0 0  c . c .  i n  t h e  s e r u m  c a l c i u m  
i n v o l v e s  t h e  m o b i l i s a t i o n  o f  1 . 0  mg. c a l c i u m  -  a t  
l e a s t  -  a n  a m o u n t  g r e a t e r  t h a n  t h e  t o t a l  e x c r e t i o n  
d u r i n g  t h e  p e r i o d  i n  w h i c h  t h i s  r i s e  h a s  t a k e n  p l a c e .  
O b v i o u s l y  t h e n ,  c o n t r o l  o f  t h e  r a t e  o f  e x c r e t i o n  
c a n n o t  b e  t h e  m a i n  mode o f  a c t i o n  o f  t h e  p a r a t h y r o i d  
h o r m o n e .  When one  a d d s  t h e  e x p e r i m e n t a l  f i n d i n g  t h a t  
t h e  i n t e s t i n a l  e x c r e t i o n ,  w h i c h  a c c o u n t s  f o r  much  m ore  
t h a n  h a l f  o f  t h e  t o t a l ,  i s  n o t  d i m i n i s h e d  a t  a l l ,  i t  
f o l l o w s  t h a t  t h e  h o r m o n e  d o e s  n o t  a c t  b y  c o n t r o l l i n g  
t h e  r a t e  o f  c a l c i u m  e x c r e t i o n .
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35 A V  5 .
A l t e r a t i o n  i n  t h e  p h y s i c a l  s t a t e  o f  t h e  s e r u m  
c a l c i u m  f o l l o w i n g  t h e  a d m i n i s t r a t i o n  o f  p a r a t h y r o i d  
e x t r a c t .
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I t  i s  r e a s o n a b l e  t o  s u p p o s e  t h a t  t h e  c a l c i u m  
m o b i l i s e d  b y  t h e  p a r a t h y r o i d  h o rm o n e  i s  r e a d i l y  
d i f f u s i b l e ,  a n d  t h a t ,  t h e r e f o r e ,  t h e  a d m i n i s t r a t i o n  
o f  t h e  h o r m o n e  w i l l  b e  f o l l o w e d  b y  a  r i s e  i n  t h e  
r a t i o  o f  d i f f u s i b l e  t o  t o t a l  c a l c i u m  i n  t h e  s e r u m .
To t e s t  t h i s  h y p o t h e s i s  A r m o u r ' s  p a r a t h y r o i d  e x t r a c t  
w as  a d m i n i s t e r e d  b y  t h e  m o u t h  t o  t h r e e  human s u b j e c t s  
a n d  t h e  d i f f u s i b l e  p o r t i o n  o f  t h e  s e r u m  c a l c i u m  e s t i ­
m a t e d  b y  m eans  o f  c o l l o d i o n  f i l t r a t i o n .
The r e s u l t s  g i v e n  i n  G r a p h  4 show a  m a r k e d  r i s e  
i n  t h e  p e r c e n t a g e  o f  d i f f u s i b l e  c a l c i u m .
S e v e r a l  w o r k e r s  h a v e  shown t h a t  p a r a t h y r o i d e c t ­
omy p r o d u c e s  a  r e l a t i v e l y  g r e a t e r  f a l l  i n  t h e
d i f f u s i b l e  t h a n  i n  t h e  n o n - d i f f u s i b l e  c a l c i u m  ( S a l -
, T . , ( 1 0 5 )  m , . ( 1 0 6 )  Kv e s o n  a n d  L i n d e r  , T r e n d e l e n b e r g  * Mori-t a  ) .
H e n c e  i t  s eem s  t h a t  on  t h e  a m o u n t  o f  p a r a t h y r o i d  
h o rm o n e  d e p e n d s  p r i m a r i l y  t h e  c o n c e n t r a t i o n  o f  t h e  
r e a d i l y  d i f f u s i b l e  c a l c i u m .  T h i s  c o n c l u s i o n  i s  t o  
some e x t e n t  i n  a g r e e m e n t  w i t h  t h e  s u g g e s t i o n  o f  
G r e e n w a l d  a n d  G r o s s ^ t h a t  t h e  p a r a t h y r o i d  h o rm o n e  
i s ,  o r  i s  n e c e s s a r y  f o r  t h e  p r o d u c t i o n  o f  a  s u b s t a n c e  
( w h i c h  G r e e n w a l d  c o n s i d e r s  t o  r e s e m b l e  c i t r i c  a c i d )  
c a p a b l e  o f  r e t a i n i n g  i n  s o l u t i o n  t h e  e x c e s s  C a^ C F O * ^  
w h i c h /
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w h i c h  H o l t ,  La  Mer a n d  Chown^  ̂ h a v e  shown t o  b e  
p r e s e n t  i n  b l o o d .
The t h i r d  f a c t o r  w h i c h  may c o n t r o l  t h e  s e r u m  
c a l c i u m  l e v e l  i s  t h e  n e u t r a l i t y  r e g u l a t i n g  m e c h a n i s m  
o f  t h e  b o d y .  V a r i a t i o n s  i n  t h e  a l k a l i  r e s e r v e  a r e  
a c c o m p a n i e d  b y  d e f i n i t e  a l t e r a t i o n s  i n  t h e  a m o u n t  o f  
c a l c i u m  p r e s e n t  i n  t h e  s e r u m .  The m o s t  c o n v i n c i n g  
e x a m p l e  o f  s u c h  a n  a l t e r a t i o n  i s  a f f o r d e d  b y  t h e  w o r k  
o f  S t e w a r t  a n d  H a l d a n e ^ ^ ^  who p r o d u c e d  a  m a r k e d  
d e c r e a s e  i n  t h e  s e r u m  c a l c i u m  f o l l o w i n g  t h e  o r a l  a d ­
m i n i s t r a t i o n  o f  s o d i u m  b i c a r b o n a t e  i n  l a r g e  d o s e s ,  
a n d  a n  e q u a l l y  m a r k e d  r i s e  r e s u l t i n g  f r o m  t h e  i n g e s t i o n  
o f  ammonium c h l o r i d e ,  and  t h e  i n h a l a t i o n  o f  c a r b o n  
d i o x i d e .  Thus  an y  t e n d e n c y  t o  a n  a l t e r a t i o n  o f  t h e  
o f  t h e  b l o o d  a n d  b o d y  f l u i d s  t o w a r d s  t h e  a l k a l i n e  
s i d e  w o u l d  a p p e a r  t o  b e  a c c o m p a n i e d  b y  a  l o w e r i n g  o f  
t h e  s e r u m  c a l c i u m ,  w h i l e  a  r e d u c t i o n  i n  t h e  a l k a l i  
r e s e r v e  a n d  a  s t a t e  o f  a c i d o s i s  i s  a s s o c i a t e d  w i t h  a  
r i s e  i n  t h e  s e r u m  c a l c i u m .
W h e t h e r  t h e s e  v a r i a t i o n s  f o r m  a  p a r t  o f  t h e  
m e c h a n i s m  w h e r e b y  t h e  Pj^ o f  t h e  b o d y  i s  m a i n t a i n e d  a t  
a  c o n s t a n t  v a l u e ,  o r  w h e t h e r  t h e y  a r e  m e r e l y  t h e  
r e s u l t  o f  t h e  a c t i v i t y  o f  t h i s  m e c h a n i s m  a n d  t a k e  n o  
p a r t  i n  i t s  o p e r a t i o n  c a n n o t  a t  p r e s e n t  b e  d e f i n i t e l y  
s t a t e d .
. m . . . (109) n (HO) .R o n a  and  T a k a h a s n x  , P a a s e n  a n d
( 1 1 1 )B r i n k m a n  h o l d  t h a t  t h e  c o n c e n t r a t i o n  o f  c a l c i u m  
i o n s  d e p e n d s  on  t h e  P-  ̂ a n d  t h e  b i c a r b o n a t e ' r e s e r v e ,
but/
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b u t  M ey s e r ib e r g  an.d McCann^1 1 2  ̂ w e r e  u n a b l e  t o  
d e m o n s t r a t e  a n y  a l t e r a t i o n  i n  t h e  am o u n t  o f  d i f f u s i b l e  
c a l c i u m  a s  a  r e s u l t  o f  v a r y i n g  t h e  C02 c o n t e n t  o f  t h e  
s e r u m .
The p r e s e n t  a u t h o r  h a s  o b s e r v e d  t h e  e f f e c t  o f
t h e  i n t r a v e n o u s  i n j e c t i o n  o f  s o d i u m  b i c a r b o n a t e  on  t h e
s e r u m  c a l c i u m  i n  c a t s .  T h i s  p r o c e d u r e  w as  f o u n d  t o
b e  f o l l o w e d  b y  a  r a p i d  a n d  m a r k e d  f a l l  i n  t h e  s e r u m
c a l c i u m  l e v e l .  T h i s  f a l l  i n  t h e  s e r u m  c a l c i u m  c o u l d
b e  p r e v e n t e d  i f  p a r a t h y r o i d  h o rm o n e  was  i n j e c t e d
i m m e d i a t e l y  a f t e r  t h e  s o d i u m  b i c a r b o n a t e ,  b u t  i t  i s
i m p o s s i b l e  t o  s a y  w h e t h e r  t h i s  m u t u a l  a n t a g o n i s m  i s
d u e  t o  a n  a c t i o n  on  t h e  same t i s s u e s .  T h a t  i t  d o e s
n o t  r e s u l t  f r o m  t h e  p a r a t h y r o i d  h o r m o n e  p r o d u c i n g  an
a c i d o s i s  may b e  c o n c l u d e d  f r o m  t h e  r e c e n t  w o r k  o f
( 1 4 . )
C a n t a r o w ,  C a v e n  a n d  G o r d o n  who f o u n d  t h a t  p a r a ­
t h o r m o n e  w as  w i t h o u t  e f f e c t  o n  t h e  C02 c o m b i n i n g  
p o w e r  o f  t h e  b l o o d .
T a b l e  X.
( a )  The e f f e c t  o f  t h e  i n t r a v e n o u s  i n j e c t i o n  o f  s o d i u m  




W t.  o f  
c a t  i n
Mg. Ca p e r  100  
c . c .  s e r u m  b e ­
TTaHCOj
i n ­
Mg. Ca p e r  1 0 0  
s e r u m  -
c . c .
g r a m s f o r e  i n j e c t i o n j e c t e d
gm s .
3 0  m i n . 75 m i n . 1 0 0
2 1 1 0 1 0 . 8 0 . 8 1 0 . 0 9 . 4 8 . 8
2 7 5 0 8 . 9 1 . 0 7 . 4 7 .  4 7 . 5
( b )  /
m in ,





(b )  The e f f e c t  o f  s i m u l t a n e o u s  i n t r a v e n o u s  i n j e c t i o n  
o f  NaHCOj and  p a r a t h o r m o n e  on  t h e  s e r u m  c a l c i u m  
i n  c a t s .
L w t . . o f  
c a t  i n
Mg. Ca 
p e r  1 0 0
P a r a t h o r ­
mone ( c c )
Mg. Ca p e r  100  c . c .  
s e r u m
g r a m s . c • c •
s e r u m
B e f o r e
i n j e c t ­
i o n .
NaHÇOj
(gms) 3 0  m i n . 75  m i n . 10 0  m i n .
2 7 5 0 8 . 8 0 . 7  c c . 
1 . 0  gm s .
8 . 7 5 8 . 8 5 8 . 8
1 8 7 0 1 0 . 2 0 . 7  c c .  
1 . 0  gm s .
1 0 . 0 1 0 . 2 1 0 . 0
I n  c o n c l u s i o n  one  may b r i e f l y  s u m m a r i s e  t h e  
r e s u l t s  a n d  c o n c l u s i o n s  i n  t h i s  t h e s i s  w h i c h  a r e  t h e  
o u t c o m e  o f  t h e  a u t h o r ’ s own e x p e r i m e n t a l  w o r k .
( 1 )  C a l c i u m  i s  a b s o r b e d  f r o m  t h e  a l i m e n t a r y  t r a c t  
much m ore  r e a d i l y  w h en  g i v e n  i n  t h e  f o r m  o f  c a l c i u m ,  
c h l o r i d e  t h a n  w hen  g i v e n  a s  t h e  l a c t a t e .
( 2 )  C a l c i u m  i s  e x c r e t e d  b y  t h e  e p i t h e l i u m  o f  t h e  
l a r g e  i n t e s t i n e ;  t h i s  t i s s u e  f o r m s  t h e  m a in  e x c r e t o r y  
r o u t e  f o r  c a l c i u m .
( 3 )  /
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( 4 )  The d i f f u s i b l e  p o r t i o n  o f  t h e  s e r u m  c a l c i u m  
a m o u n t s  t o  f r o m  60 t o  70 p e r  c e n t ,  o f  t h e  t o t a l  
s e r u m  c a l c i u m  i n  man,  a n d  f r o m  50 t o  60 p e r  c e n t ,  
o f  t h e  t o t a l  i n  t h e  c a t  a n d  t h e  o x .
( 5 )  The c a l c i u m  c o n t e n t  o f  t h e  p l a s m a  i s  1 0 - 2 0  p e r  
c e n t ,  g r e a t e r  t h a n  t h e  c a l c i u m  c o n t e n t  o f  t h e  s e r u m .
( 6 )  The a d d i t i o n  o f  c i t r a t e  t o  p l a s m a  c a u s e s  a 
p r e c i p i t a t i o n  o f  1 0 - 2 0  p e r  c e n t ,  o f  t h e  c o n t a i n e d  
c a l c i u m .
( 7 )  C i t r a t i o n  o f  p l a s m a  o r  s e r u m  r e s u l t s  i n  
p r a c t i c a l l y  t h e  w h o l e  o f  t h e  c o n t a i n e d  c a l c i u m  
b e c o m i n g  d i f f u s i b l e .
( 3 )  E x t r a c t s  o f  b e e f  p a r a t h y r o i d  g l a n d s  when 
a d m i n i s t e r e d  o r a l l y ,  s u b c u t a n e o u s l y  o r  i n t r a v e n o u s l y ,  
p r o d u c e  a n  i n c r e a s e  i n  t h e  s e r u m  c a l c i u m  i n  man a n d  
i n  c a t s ,  a n d  t h e  d i f f u s i b l e  p o r t i o n  i s  i n c r e a s e d  
r e l a t i v e l y  t o  t h e  t o t a l .
( 9 ) I f  t h e  i n c r e a s e  i n  t h e  s e r u m  c a l c i u m  i s  v e r y  
m a r k e d ,  sym ptom s  o f  n a u s e a ,  v o m i t i n g ,  w e a k n e s s  a n d  
g i d d i n e s s  may make t h e i r  a p p e a r a n c e .  T h e s e  s u b s i d e  
on  t h e  w i t h h o l d i n g  o f  t h e  e x t r a c t ,  a n d  c o i n c i d e n t l y  
w i t h  t h e  f a l l  i n  t h e  s e r u m  c a l c i u m .
( 1 0 )  P a r a t h y r o i d  e x t r a c t  d o e s  n o t  p r o d u c e  a r i s e  
i n  t h e  s e r u m  c a l c i u m  b y  s t i m u l a t i n g  t h e  a b s o r p t i o n  
o f  c a l c i u m  f r o m  t h e  d i g e s t i v e  t r a c t .
( 1 1 ) /
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t h e  s e r u m  c a l c i u m  l e v e l  i n  t h e  c a t .
( 1 4 )  The i n t r a v e n o u s  i n j e c t i o n  o f  s o d i u m  b i c a r b o n a t e  
p r o d u c e s  a  f a l l  i n  t h e  s e r u m  c a l c i u m .  T h i s  f a l l  
d o e s  n o t  o c c u r  i f  p a r a t h y r o i d  e x t r a c t  i s  i n j e c t e d  
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